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INTRODUCTION
A vegetation monitoring and research program was established at Nachusa Grasslands
through a grant via the Rodney Johnson and Katharine Ordway Stewardship Endowment
administered by The Nature Conservancy. Nachusa Grasslands is a 627 ha (1,550 acre) habitat
complex including grassland, wetlands, savanna-like areas, and woodland in northern Lee and
southern Ogle counties in northern Illinois (Figure 1). The site largely is underlain by St. Peters
Sandstone which outcrops locally on site. The sandstone substrate when near the surface has
weathered to form a sandy residuum. Portions of the preserve are characterized by silt-loam soils
where this sandstone substrate is buried more deeply by glacial and loess deposits. This habitat
complex includes about 81 ha (200 acres) of habitat remnants (about 12.9%); the remaining areas
include lands previously developed for agriculture, mostly on the silt-loam soils, and have been
the focus of habitat reconstruction and restoration efforts. The resulting grassland complex,
some of the largest expanses in the region, are habitat to a great diversity of grassland species
including several rare grassland bird, arthropod, and plant species.
This research and monitoring program will focus on remnant and reconstructed prairie
communities, the major component of the Nachusa Grasslands. Restoration of remnant sand
prairie commenced in 1987 with occasional dormant-season burns. Reconstruction efforts in
sand prairie have been limited; most reconstruction has occurred on silt-loam soils as these areas
were used more as cropland whereas sand prairies primarily were used as pasture. Sand prairie
community types recognized in Illinois include wet, wet-mesic, mesic, dry-mesic, and dry (White
and Madany 1978) and most are found at Nachusa.
The main goals of the monitoring and research programs were to: 1) establish a program
to evaluate vegetation trends in habitat restorations and reconstructions at Nachusa Grasslands, 2)
compare across different spatial scales, in both restorations and reconstructions, indices that have
been developed for estimating habitat integrity, and 3) develop a rapid assessment methodology
that is sensitive to differences in habitat integrity. Thus, this report is organized into three main
sections. The first section presents the baseline vegetation data collected from three habitat
remnants and four reconstructions. Comparisons are made between remnants, plantings, and the
individual sites using community-level properties such as measures of diversity and indices of
floristic integrity. The second section analyses and compares several indices and diversity
metrics among the sample groups and sites. Hypotheses about these indices established in the
research proposal (Taft 1999a) will be tested. The final section examines a rapid assessment
method, based on functional group density, designed specifically to expedite habitat monitoring.
A goal was to develop a rapid yet reliable monitoring method that could be utilized by volunteers
and others with a general, though not necessarily intimate, floristic knowledge of a region.
Comparisons are made to results from more intensive sampling.
The measures of floristic integrity that are tested include Floristic Quality Assessment
(Swink and Wilhelm 1994; Taft et al. 1997) and related indices and the Species Richness Index
(Bowles and Jones 1999) and related indices. These methods are based on two distinct sets of
assumptions. The Species Richness Index (SRI) assumes that diversity patterns at different
scales change as habitats are degraded or are restored. SRI integrates species richness at different
scales to calculate a single index and is based on species presence-absence data (frequency) from
quadrat sampling (Bowles and Jones 1999). This index is calculated as the product of species
density (per quadrat) and species richness recorded from numerous quadrats and modified by
square-root or normal logarithm transformations. SRI can be evaluated separately in terms of
native (Native Richness Index [NRI]) and total species (including non-native species) to provide
a measure of the relative proportion of taxa that are adventive; however, species composition
other than whether native or adventive is not a consideration. Comparisons made must be of
similar sample size to eliminate the effect of area on species richness and the SRI (Bowles and
Jones 1999).
Species density has been found to be a parameter that is strongly correlated with species
richness measured at larger scales (Taft et al. 1995, Taft 1999b, Tilman 1999). However, species
density can change dramatically with management treatments, the change can be short-term, and
may occur at a pace different than species richness at larger scales (Taft 1999b). Consequently,
any analysis of an index based on species density and richness should be viewed in context with
temporal trends and time since management. All sites sampled in this study were treated with
prescribed fire in the spring prior to sampling.
Floristic Quality Assessment (FQA) includes indices based on measures of diversity
weighted by compositional characteristics and assumes: 1) species differ in their tolerance to
disturbance and disturbance types, and 2) plant species display varying degrees of fidelity to
habitat integrity (Taft et al. 1997). FQA then attempts to examine compositional disparities as a
measure of differences or changes in community integrity. FQA integrates a Floristic Quality
Index (FQI), introduced by Wilhelm (1977) and Swink and Wilhelm (1979, 1994) and modified
for the Illinois vascular flora (Taft et al. 1997), with other vegetation parameters. For the FQI,
each taxon in the Illinois flora was assigned an integer (using a scale from 0 to 10), termed a
Coefficient of Conservatism (CC). The CC applied to each taxon represented a rank based on
observed behavior and patterns of occurrence in Illinois plant communities and a level of
confidence that a taxon is remnant (natural area) dependent. Such weighting of species is based
on the assumption that species do not contribute equally to community integrity.
As a guide to the assignment of the CC values, three species guilds roughly
corresponding to those recognized by Grime (Grime 1974, Grime et al. 1988) provided the
general framework. In Grime's studies, species survival strategies are considered to be shaped by
an equilibrium among the ecological forces of competition, stress, and disturbance. These forces
serve as axes for ordinating species responses in Grime's "triangles". These ordinations yield
three general life strategies referred to as the C-S-R model: competitors, stress tolerators, and
ruderals (Grime 1974). For the assignment of the coefficients for the Illinois flora, species
perceived as having a ruderal ecology were ranked with CC values from 0 to 2 (3). All non-
native species were ranked with 0 values. Competitors (and matrix species) were ranked with
CC values from 4 to 6 while the stress tolerators were reclassified as remnant-dependent species
and ranked with CC values from 7 to 10 (Taft et al. 1997).
The FQI is calculated as the product of Mean C and species richness, the latter modified
by square root transformation. The Mean C is an area- independent metric for distinguishing
non-random differences in floristic quality among sites and time intervals. The CC values of
species in sample areas can be combined with species and guild abundance data and are
amenable to statistical testing such as mean-separation techniques (e.g., analysis of variance, t-
tests) and goodness-of-fit tests (Taft et al. 1997).
METHODS
General Quantitative Sampling
Three remnants (restorations) and four habitat plantings (reconstructions) were selected
for study based on condition and configuration. Sites were selected that represented the range in
community integrity and planting age at Nachusa Grasslands while accommodating a sampling
design that included multiple parallel transects, each 80 tol00-m in length, within a relatively
uniform vegetation type. Remnants selected were Dot's Knob, Doug's Knob, and Isabel's Knob.
These sites were selected because during site selection they were perceived to be three different
quality classes according to the grading criteria of the Illinois Natural Areas Inventory (White
1978). Doug's Knob was perceived as the highest quality remnant (Grade A- or B+), Dot's Knob
was considered Grade B to B-, and Isabel's Knob was judged Grade C. The Illinois Department
of Natural Resources District Heritage Biologist for the region, through independent visual
assessment, judged the sites as Grade B for Doug's and Dot's Knob and Grade C for Isabel's
Knob (Bittner, pers. comm.). Rationale for grading the three remnants distinctly is discussed
under Question D (see Results and Discussion Section).
Plantings selected included the Main Unit (established in 1991), the Potholes Unit
(established in 1992), the East Heinkle Unit (established in 1995) and the Hotchkiss Unit
(established in 1998). Because of spatial constraints, four sites (Dot's Knob, Doug's Knob, Main
Unit, and Hotchkiss Unit) were sampled with 80-m long transects while the remaining sites have
100-m-long transects. Six evenly spaced transects were established at each site. End points of
each transect were marked with metal fence posts driven into the ground; a rebar metal bar is
located at the midpoint on each transect to increase accuracy of resampling efforts when using
100-m-long tapes. The beginning point of this stratified grid was determined randomly.
Each transect was sampled with 20 square quadrats, 0.25-m 2 in area, oriented on
alternative sides of the transect beginning on the right side at the 2.5 meter mark for 100-m long
transects, with quadrat placement every 5 meters, or at the 2.0-m mark on the 80-m long transects
with quadrat placement every 4 meters. Within each quadrat, all vascular plants rooted within
the quadrat frame were recorded. Bare ground, including rock and woody debris, was treated as
a species in order to measure differences in percent bare ground among sites. In addition, a cover
5value was assigned each taxon using a modified Daubenmire cover class system (1-7 scale: 1> =
0 - 1%, 2 = 2 - 5%, 3 = 5 - 25%, 4 = 25 to 50%, 5 = 50 to 75%, 6 = 75 to 95%, and 7 = 95 to
100%). Sample data were collected from 12 June to 22 July 2001 for the general sampling effort
and to 2 August 2001 for the rapid assessment sampling. Botanical nomenclature follows
Mohlenbrock (1986). The orientation for sampling is thus for each site:
Doug's Knob - Transects are oriented on a roughly north to south axis, with T1 (transect 1) on
the west side of the series and T6 on the east edge. Sampling proceeded from south to
north on each transect.
Dot's Knob - Transects are oriented approximately on a west to east axis, with TI on the north
side of the series and T6 on the south edge. Sampling proceeded from west to east on
each transect.
Isabel's Knob - Transects are oriented on a roughly north to south axis, with T1 (transect 1) on
the east edge of the series and T6 on the west side. Sampling proceeded from south to
north on each transect.
Main Unit Planting - These transects are oriented in a NE to SW direction with T1 on the
eastern-most edge and T6 on the western-most edge. Sampling proceeded from the NE to
the SW for each transect.
Potholes Unit Planting - Transects are oriented approximately on an east to west axis, with Tl on
the south side of the series and T6 on the north side. Sampling proceeded from east to
west on each transect.
East Heinkle Unit Planting - Transects are oriented on a roughly north to south axis, with Tl
(transect 1) on the west side of the series and T6 on the east side. Sampling proceeded
from south to north on each transect.
Hotchkiss Unit Planting - These transects are oriented in a NE to SW direction with Tl on the
western-most edge and T6 on the eastern-most edge. Sampling proceeded from the SW
to the NE for each transect.
There are several scales of interest with the vegetation data. The largest scale involves
results of analysis from all quadrats in the study (n = 840). A next-level scale involves
summarized results among the restoration and reconstruction sample groups (i.e., pooled data
from three remnants [n = 360] and four plantings [n = 480]). Some analyses involved
comparisons of these two sample groups at different scales (quadrat, transect, site, and
macrosite). Results among sites is the next largest scale (n = 7) followed by the transect-level (n
= 42 [6 transects at each of 7 sites]), including transect and quadrat-level means. Plots per
transect (n = 20) is the final scale of interest examined in within site analyses. Indices and
emergent variables related to composition and diversity will be described and/or examined at
these different scales.
Several community-level metrics and indices for evaluating natural quality are described
and compared in this baseline description and analysis and these are listed and defined below.
Coefficient of Conservatism = An integer from 0 to 10 assigned to each taxon in the Illinois
flora and used in calculating the Floristic Quality Index and mean coefficient of
conservatism (C); the mean can include only native species (Cn) or all taxa. All non-
native species were assigned values of 0 (Taft et al. 1997). Consequently, when non-
native species are present Cn will always be greater than C.
Evenness = H' (- [Pi Iln(p/ )])/ In(richness) (McCune and Mefford 1999).
Floristic Quality Index (FQI) = C (IN) where C = Coefficients of Conservatism (CC)/S*
and N = native species richness. The square root transformation of species richness
always uses native species only (N). * The denominator in the C calculation can include
all species (S) or exclusively native species (N) yielding total C and a Cn (see below) and
a FQI using all species or FQIn (using native species only) (Swink and Wilhelm 1994;
Taft etal. 1997).
Mean C (C) = , Coefficients of Conservatism (CC)/S where S = total species richness; the CC
are summed from a sample or inventory area (Swink and Wilhelm 1994; Taft et al.
1997).
Native Mean C (Cn) = E Coefficients of Conservatism (CC)/N where N = native species
richness.
Native Richness Index (NRI) = Rn (IN) where Rn = native species density per quadrat (mean
richness) and N is native species richness (Bowles and Jones 1999). NRI also can be
calculated using log-transformed N (NRIm). However, only square-root transformed N
was used in this study to be consistent with the transformations used in Floristic Quality
Assessment indices.
Shannon-Wiener Index of Diversity (H') = - [Pi Iln(pi)] where Pi is the relative abundance
of each species (Whittaker 1975).
Simpson's Index of Dominance ( C ) = pi2 , where pi is a relative abundance value (i.e.,
importance value) for each taxon in the sample area (Whittaker 1975).
Species Density (Rn) = Species richness per transect/quadrat number; for this study Rtn is the
number of native species in a transect/20 0.25-m 2 quadrats.
Species Richness (S) = The number of species in a sample area. For many cases, there is a
distinction between native species richness (N) and total richness (S) that includes non-
native species.
Species Richness Index (SRI) = R (IS) where R = species density per quadrat (mean richness)
and S is total species richness. SRI includes all species, including non-native taxa in the
calculation of R and S (Bowles and Jones 1999). SRI also can be calculated using log-
transformed S (SRILN). However, only square-root transformed S was used in this study
to be consistent with the transformations used with the Floristic Quality Index.
Rapid Assessment Methods
Two established transects from each site were selected randomly to test with a rapid
assessment approach for vegetation monitoring. Goals of the rapid assessment were to
determine a method for making qualitative assessments of remnants and reconstructions
(plantings) with a more rapid approach that could be implemented in monitoring programs by
non-specialist. Measuring Functional Group Density became the focus of this effort. Several
functional groups were examined using average percent occurrence for transects within sites.
Functional groups examined included: native sedges, native C3 grasses, native C4 grasses, native
perennial forbs (fibrous & tap-rooted species), native perennial forbs (rhizomatous species),
native annual/biennial forbs, native N2 fixers, and native hemi-parasites. At each transect, a one-
meter-wide belt was segmented into 16 or 20 5-meter sections, for the 80 and 100-m-long
transects, respectively. In each 5-m long segment, the vegetation was surveyed for members of
each functional group. A separate analysis was based on distances to key functional groups
within each transect segment and frequency of occurrence. For native legumes, shrubs (native
and non-native), and exotic forbs, distance to first occurrence within each segment was measured
and assigned a distance class (0 to 1 m = 5, 1 to 2 m = 4, etc...). A score for each sample group
was calculated based on the product of the summed distance classes and frequency. Transects
selected randomly for Rapid Assessment were: Doug's Knob - T 1, T3; Dot's Knob - T2, T6;
Isabel's Knob - T2, T6; Main Unit Planting - T2, T5; Potholes Unit Planting - T4, T5; East
Heinkle Unit Planting - T2, T6; Hotchkiss Unit Planting - T1, T3.
Data Analysis - The vegetation data were ordinated using Detrended Correspondence Analysis
(DCA) and Principal Components Analysis (PCA) (CANOCO 4 statistical software package [ter
Braak and Smilauer 1998]). DCA is an indirect means of gradient analysis based on a unimodal
species response model and was utilized to examine the relationship between species, transects,
and sites and infer what environmental variables may be foremost in explaining variation in the
composition and abundance patterns among sample sites at Nachusa Grasslands. For the
ordination, the 50 top-ranking species based on importance values from the 42 transects were
selected. PCA is based on a linear species response model and is appropriate and often preferred
when Beta diversity is not too great within the samples, as measured by the gradient lengths in
exploratory DCA (ter Braak 1995).
Statistical analyses including mean-comparison tests (two sample t-tests, ANOVA), post-
hoc tests (Tukey HSD test), correlations, and two-sample goodness-of-fit tests (Kolmogorov-
Smirnov test) were done with the Systat Statistical Software package, vol. 9.0 (SPSS 1999).
Graphs and some correlation analyses were done with Excel 2000.
RESULTS AND DISCUSSION
Baseline Vegetational Characteristics
Approximately 184 species of vascular plants from 44 plant families were recorded in the
840 quadrats (seven sites x 120 quadrats/site) sampled throughout the study units at Nachusa
Grasslands. Most important families, accounting for about 59% of the species, were: Asteraceae
(50 species), Poaceae (27 species), Rosaceae (16 species), and Fabaceae (15 species). No other
plant family has more than 5 species; the remaining 76 species occur within the 40 remaining
plant families. The composition and species abundance for each site are listed in descending rank
order of importance value (sum relative frequency and relative cover) in Appendices 1-7.
Dominant species among the remnants include: Schizachyrium scoparium, Sorghastrum nutans,
Panicum oligosanthes var. scribnerianum, Carex pensylvanica, Carex bicknellii, Poa pratensis*,
Aster ericoides, Echinacea pallida, Antennaria neglecta, and Euthamia gymnospermoides. The
plantings are characterized by these species: Andropogon gerardii, Sorghastrum nutans,
Schizachyrium scoparium, Bromus inermis*, Poa pratensis*, Achillea millefolium*, Ambrosia
artemisiifolia, Aster pilosus, Asclepias verticillata, A. syriaca, Senecio pauperculus, and
Taraxacum officinale*. Non-native species are indicated by asterisks (*).
The results from DCA are graphically depicted in a biplot showing the 42 transects
oriented in species ordination space (Figure 2). A coefficient of determination (R2) for the
correlation between ordination Euclidean distances and the distance measures in the original n-
dimensional space (i.e., species by transect abundance data), using S0rensen (Bray-Curtis)
distance measure, was calculated as a determination of the ordination effectiveness (McCune and
Mefford 1999). The cumulative R2 with two axes was 0.635 indicating that about 80% of the
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variance in the data is explained by the first two axes. Gradient length on the first DCA axis was
3.265 SD indicating there is little overlap among species from transects plotted on the left and
right portions of the ordination. Such levels of Beta diversity also suggest that ordination
techniques using linear models, such as Principal Components Analysis (PCA), would be
inappropriate with this data set due to the arch effect distortion that becomes a factor with high
Beta diversity (ter Braak 1995).
Particularly salient features of the ordination are that transects from sites cluster tightly
together and remnant sites are oriented to the left of the ordination while plantings are oriented to
the right. Species scoring strongly on the negative side of the first axis and associated with
remnants include exclusively native prairie species (e.g., Sporobolus heterolepis, Aster sericeus,
Stipa spartea, Helianthus occidentalis, Coreopsis palmata, Sisyrinchium campestre, Carex
bicknellii, Viola fimbriatula, Panicum oligosanthes) while native and non-native ruderal species
(e.g., Medicago sativa, Calystegia sepium, Chenopodium album, Bromus inermis, Asclepias
syriaca, Taraxacum officinale, Trifolium pratense, Lepidium densiflorum, Daucus carota,
Ambrosia artemisiifolia, Aster pilosus, Solidago canadensis, and Setaria viridis) have species
scores strongly weighted towards the positive side of the first axis and are associated with the
plantings transects (Figure 2). For example, the 14 species found in the negative (far left) portion
of Axis I (all native) yield an average Coefficient of Conservatism (C) of 5.9 with a Floristic
Quality Index (FQI) of 21.9. In contrast, the 15 taxa (7 native) with species scores greater than
3.0 (far right portion of Axis I) yielded a C of 0.3 and an FQI of 1.3. Consequently, the first axis
is interpreted to be a "disturbance" gradient with highest levels of "disturbance" experienced by
plots to the right side of the ordination. Intermediate between plantings on the rights side of the
ordination biplot (Potholes, Hotchkiss, and East Heinkle) and the remnants are the "plots"
(transect means) from the Main Unit Planting (Figure 2), the earliest planting (1991).
Several noteworthy differences exist between sites (Figure 3) and, more broadly, the two
broad sample groups of remnants and plantings (Figure 4). Remnants tend to have the greatest
proportion of native species, ranging from 83 to 91%, while among plantings the flora ranges
from 59% to 78% native (Table 1). Mean comparison tests between remnants and plantings (two-
sample t-tests), using transect-level means, indicate significant differences in several parameters
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including measures of species composition and diversity and indices of floristic quality (Table 2).
Of 10 indices, only SRI (p = 0.723), dominance (p = 0.146), and evenness (p = 0.039 [c<= 0.005
with Bonferroni multiple comparison adjustment]) did not discriminate between plantings and
remnants. Similar results are found with mean comparisons of these same parameters at the
quadrat level. Species density, a quadrat-level parameter typically highly correlated to richness at
larger scales, also yielded a significantly different mean comparison among these sample groups (t
= 4.7, df 40, p = 0.00003).
A comparison by ANOVA of transect means at the site level (N = 7 sites, n = 6 transects)
for species diversity and richness indices (Table 3) indicated statistically significant differences
exist among sites for all indices measured (p < 0.000001). In general, pair-wise comparisons with
Tukey Honestly Significant Difference (HSD) post-hoc tests (Table 4a-4k) indicated that
differences exist among and between sites in the remnant and plantings groups. The most
sensitive indices, based on the number of comparisons found to be statistically different (p <
0.05), were Mean C followed by Native Mean C and FQI (Table 5). The least sensitive index at
detecting differences within and between sample groups was the Shannon-Wiener Index of
Diversity (H') followed by Native Species Richness and SRI. NRI and Species Density (native
species) had an intermediate level of sensitivity. Exotic Species Richness was slightly less
sensitive when compared to NRI (Table 5). The Simpson's Index of Dominance, Species Density,
and indices related to FQA (e.g., Mean C, Native Mean C, and FQI) detected differences among
two of three remnant comparisons. NRI detected differences among one of the within remnant
comparisons. Mean C and FQI were the indices most successful at detecting differences between
remnants and plantings, distinguishing as significantly different 11 of the 12 possible
comparisons. Native Mean C and Non-native Species Richness distinguished 10 comparisons as
significantly different. Most all other indices and diversity measures (H', Dominance, Evenness,
SRI, NRI, Native Species Richness, Species Density) distinguished 5-to-8 of the possible 12
remnant-planting comparisons (i.e., these indices were about 42% to 67% successful in
distinguishing between remnants and plantings). Evenness, Mean C, and Native Mean C were
most sensitive at detecting differences among plantings, distinguishing 5 of the possible 6
comparisons as statistically different. Several other indices including FQI, NRI, and SRI
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distinguished 4 of the 6 plantings comparisons. Again, H' and Native Species Richness were least
sensitive at distinguishing among sites (Table 5).
Sensitivity to differences within and between sites is a goal of indices designed to evaluate
habitat quality; however, avoiding Type I statistical errors (i.e., identifying differences where none
exist) also is a goal. The diversity-based indices and metrics are objective at distinguishing
differences in species numbers between sample groups. However, the pitfall of relying solely on
diversity patterns to inform interpretations of habitat quality is illustrated in site rankings by
indices. SRI ranks highest the two most recent plantings, East Heinkle and Hotchkiss planting
units (planted in 1995 and 1998, respectively). SRI is an index that combines native and non-
native species in the calculation; consequently, sites with numerous exotic species tend to rank
highly because the combined native and non-native species can outnumber species richness of
some remnants with few exotics. Such an index is an imprecise indicator of natural quality since
exotic species generally are considered evidence of habitat degradation (White 1978, McKnight
1993, Luken 1997). NRI measures only native species in the calculation and ranks the remnants
higher than the plantings; however, four pair-wise comparisons between remnants and plantings
were determined to have non-significant differences. NRI counts species equally; it does not
weight species. Mean C and FQI, the two weighted indices of floristic integrity, also rank
remnants consistently higher than plantings. One planting, the Main Unit (established in 1991 and
the oldest planting studied), had a similar Mean C compared with one remnant (Dot's Knob); all
other remnant-planting comparisons were significantly different. NRI and FQI/Mean C rank
remnants somewhat differently with NRI ranking Isabel's Knob much higher than the other two
remnants while FQI ranked Doug's Knob highest. Both indices ranked Dot's Knob lowest among
remnants.
ANOVA indicates that sites vary significantly (p < 0.000001) in the amount of bare
ground with differences detected within and between remnants and plantings. Most sites had
between 6 and 15% bare ground while average bare ground was 46% at Doug's Knob and 56.7%
at the Potholes Planting Unit. Physiognomic differences among sites, including percent bare
ground, are illustrated in a PCA scatter biplot (Figure 5). About 95% of the variation among
transects and sites was explained in the first four axes of the ordination. The PCA was an
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appropriate ordination technique because the results from DCA (gradient length of Axis I = 1.4)
indicated linear methods would be as effective as unimodal models. Interestingly, there is a
cluster of "plots" from two remnants (Doug's Knob and Isabel's Knob) occurring together with
"plots" from the Main Planting Unit; these sites are associated with increasing abundance of
native perennial forbs and perennial sedges. Dot's Knob is separate and in ordination space
between this cluster and other plantings (Figure 5). Plots from the Potholes Planting and about
half the Doug's Knob plots are associated with % Bare Ground and native perennial grasses. The
relatively recent plantings East Heinkle and the Hotchkiss Unit are associated with increasing
abundance of native and non-native annual forbs, non-native perennial forbs, non-native perennial
grasses (Figure 5).
Hypothesis Testing
The first three questions are related but seek to uncover slightly different aspects of the
performance of indices. Interests in scale differ among some questions.
Question A: How do the Species Richness Indices and indices related to Floristic Quality
Assessment correspond to each other?
Hypotheses: Mean species density, a component of the Species Richness Index (SRI), and mean
Coefficient of Conservatism (Mean C) will not be closely related. SRI and NRI will be correlated
more closely with the Floristic Quality Index at the scale of the transect or greater.
Explanation: Correlation between Mean C and mean species density should be uncoupled
because some disturbances such as grazing can lead to greater species density by enhancing
habitat suitability for ruderal species without eliminating competitors or species known primarily
from natural areas. Consequently, species density can increase, partially by reducing abundance
of competitors, while integrity declines, as measured by FQI, since species ranked with low CCs
increase in abundance. The indices generated from transect data should be more closely
correlated since both SRI and FQI are based on modifications of total species richness in a sample
14
area transformed by square root and/or normal logarithm.
Method of Testing: Correlation analysis will be used to evaluate patterns among quadrat-level
means and indices at larger-scale.
Results and Discussion - The Pearson Correlation Coefficient ( r ) between the mean Coefficient
of Conservatism (C), at the quadrat scale, and species density (per 0.25-m 2) is 0.647. The Pearson
Correlation Coefficient ( r ) between FQI and NRI is 0.729 and between FQI and SRI is -0.061.
As predicted, there is a greater correlation between FQI and NRI at the scale of the transect
compared to quadrat means correlations between C and species density but the differences are
slight. Both r values are statistically significant correlations (n = 42, p < 0.00001). These results
show that Mean C and Species Density are highly correlated, although somewhat less so than a
comparison of indices generated at the transect scale.
With these data and the results from ANOVA (Table 3), the SRI is among the least
sensitive indices at detecting differences within and among sample groups. As previously noted,
SRI includes non-native species in the calculation of the index; consequently, sites with numerous
non-native species would rank equal to a site with a similar number of native species. As an
index of floristic quality, comparative results with SRI need to be examined carefully. For
example, SRI ranks two recent plantings, the East Heinkle and Hotchkiss units, with a higher
index than the remnants. SRI also ranks the remnants in a unique order from most indices,
including INAI grades, ranking Dot's Knob (Grade B) ahead of Doug's Knob (Grade A to B) and
ranking Isabel's Knob (Grade C), highest of all (see Question D).
Question B: How do the indices change spatially? Is the pattern similar among the two different
methods? Part of the interest in this question is exploratory since area relationships have not been
explored extensively with these indices.
Hypothesis: FQI and SRFI/NRI will become more similar (i.e., more correlated, provide similar
information content) with increasing sample scale.
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Explanation: Since each index is based on a calculation including transformed species richness, as
sample size increases the effect of species density and Mean C diminishes on each index resulting
in greater similarity in the indices. Comparison of small sample data sets will yield lower
correlations compared with comparisons of larger sample data sets.
Method of Testing: Originally, the non-parametric Signs Test was proposed to determine whether
comparisons from small data sets have lower coefficients of determination more often than
expected by random chance when compared to coefficients of determination in large data sets.
This was based on the assumption that comparisons between scales of r values between FQI and
NRI would result in consistently greater coefficients of determination at the larger scales for the
seven sites. This was not true. Consequently, comparisons between scales were examined with
correlation trends among indices.
Results and Discussion
General Comparison - Comparison of FQI and NRI/SRI mean values at the quadrat, transect, and
site-level scales, combining all data from the seven study sites, indicates linear trends for both
indices (Figure 6). There is a slightly steeper slope in the linear trend for NRI and SRI across
scales, compared to trends with FQI, due to the greater product of species richness (transformed
by square root, as with both FQI and NRI/SRI) multiplied by species density versus Mean C, as
for FQI (Figure 6). When the y-axis (for the combined indices) is log-transformed, the
relationships are parallel (Figure 7). While mean species density remains constant between scales,
the Mean C varies slightly, though not significantly, when calculated as the average among
quadrats, as an index calculated with transect-level species composition, and when calculated
from site-level species composition data (Figure 8). However, the nearly constant expression of
Mean C at these different scales suggests it meets the requirement for an area-independent
diversity index (Rosenzweig 1995). Species diversity measured as the total number of species
(i.e., Species Richness), and the square-root transformation used here, of course, are area
dependent. At the scales examined, the square-root of species richness (a component of the
calculation for both NRI and FQI) forms a slightly convex profile suggesting the classic
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theoretical species area relationship (Figure 8). Results from a comprehensive survey at the site
scale presumably would yield a more linear pattern (Rosenzweig 1995).
Hypothesis Testing - Four of seven sites (non-significant difference with signs test) had greater
coefficients of determination (r values) when correlating the NRI and FQI indices generated at the
transect-level (n = 6) compared to r values from quadrat-level means (Table 6). However,
comparison of coefficients of determination of quadrat-level and transect-level means at the site
scale are not that meaningful due to small sample size (N = 7, n = 6) and these comparisons
generally are not statistically significant (Table 6). With increasing sample size, coefficients of
determination differ little among scale comparisons although significance levels tend to increase.
The correlation of FQI and NRI using quadrat-level data for each transect (n = 20) are significant
(r = 0.6755, p < 0.001), as are correlations of FQI and NRI at the transect scale (n = 42) for both
quadrat and transect-level indices (r = 0.77 and 0.72, respectively [p < 0.000001]), at the site scale
(n = 120, r = 0.6678, p < 0.000001), and macrosite scale (n = 840, r = 0.6746, p < 0.000001).
A comparison of the prairie remnant and plantings sample groups (Figure 9) indicate
significant correlations between FQI and NRI for each group (n = 360, r = 0.688, p < 0.000001,
and n = 480, r = 0.5613, p < 0.000001, respectively). The profile of the line smoother for each
sample group in these correlations is parallel (Figure 9) indicating the spatial relationship among
the indices remains constant between these sample groups. However, the remnant and plantings
sample groups are distinctly separated, indicating that for a given NRI value, plots from remnants
consistently score with higher FQIs than for plantings. This separation in the regression lines for
each sample group can be explained by response profiles of two sites in particular that differ
markedly from the other sites. East Heinkle and the Hotchkiss planting units both tended to score
higher on NRI relative to their respective FQI scores when compared to other sites (Figure 10).
Both sites are recent plantings and, based on mean C scores, have the most ruderal composition of
the sites sampled. The tendency is for weedy sites to be ranked by NRI proportionately higher
when compared to the FQI rankings due to levels of diversity, regardless of compositional
characteristics. For example, results from ANOVA and the post-hoc Tukey tests (Table 4i)
indicate that NRI does not distinguish as significantly different the recent E. Heinkle planting
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(four years old at date of sampling and the planting with the greatest species richness) and two of
the remnants: Dot's Knob (p = 0.999) and Doug's Knob, although the latter nearly is significantly
different (p = 0.051). The East Heinkle planting, dominated by the native prairie grass
Schizachyriumnscoparium and numerous ruderal species (Appendix 6), had the lowest Mean C of
all sites (Table 1).
Question C: How do these indices differ from standard community parameters (e.g., diversity,
density, richness)? Do they contribute unique information?
Hypotheses: Species diversity and density will be highly correlated to species richness and NRI;
Mean C will be less correlated with species density than species richness, NRI, and FQI, FQI and
NRI will be more closely correlated than species density and Mean C.
Explanation: There is no assumption in FQA that mean Coefficient of Conservatism is related to
species density or diversity. Mean C is not a measure of diversity but rather an index of species
affinity for undegraded habitats (i.e., species integrity); the FQI, by including species richness in
the calculation, is an index of diversity weighted by species integrity. Indices related to NRI and
FQI are not necessarily correlated since they are based on different assumptions. However, as
sample sizes increase, greater parity in the indices is expected. Unique is the information
provided by the Mean C; all other indices are based on species richness alone.
Method of Testing: Correlation analysis will be used to evaluate patterns among the Mean C, FQI,
species density, species richness (at the transect scale or higher), and NRI.
Results and Discussion - As assumed, the indices and metrics strictly based on patterns of
species richness (e.g., Shannon Diversity Index [H'], species density, species richness, and NRI)
are highly correlated (for all comparisons, p < 0.00003 [Table 7]). Mean C also is highly
correlated to species density and richness, but not the Shannon Index; FQI is highly correlated to
species density, richness, and the Shannon Index (Table 7). In contrast to expectation, Mean C is
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not more closely related to species richness ( r = 0.581) than mean species density (n = 42, r =
0.647). While Mean C is, of course, highly correlated to FQI ( r = .986), it also is highly
correlated to NRI (n = 42, r = 0.653). As expected, FQI and NRI are more closely correlated (n =
42, r = 0.729) than species density and Mean C (0.647) but the difference is slight as both
correlations suggest strong linear trends (highly statistically significant).
Diversity is viewed as an essential indicator of integrity (Keddy et al. 1993); however,
instead of solely measuring species richness, Keddy et al. (1993) also recommend assessing other
aspects of the community, such as guild diversity. In general, metrics related to FQA are
somewhat less correlated with standard measures of community diversity and species richness
than is NRI. This suggests the unique quality of the FQI, and particularly the Mean C, in
measuring something novel that, while not independent of diversity patterns, is not as closely
related to patterns of species richness alone. Given the relatively high levels of correlation
between species richness and FQI/Mean C, it would seem possible to use only the unweighted
diversity-based parameters and indices. However, results from ANOVA and the Tukey post-hoc
tests indicated that Native Species Richness does not discriminate differences among the remnants
(graded, following INAI criteria, as A, B, and C quality) and only 7 of 12 of the remnants-to-
plantings comparisons. These results further indicated that Mean C and FQI discriminate a
greater number of differences between the remnant and planting sample groups than any other
metric examined (Table 5) suggesting these indices are more sensitive to qualitative differences in
the vegetation. Native Species Richness was no better at discriminating differences than SRI, an
index that seems particularly insensitive to qualitative differences among sites.
Question D: How to the indices compare to Illinois Natural Area Inventory (INAI) grading
categories? Are there indices sensitive at detecting differences in INAI grades?
Hypotheses: Mean C among qualitatively different units, as determined by INAI grading
methodology, will be significantly different. Mean Species Density, as a component to SRI, will
be a less precise predictor of INAI grades compared with Mean C. FQI, from equal sample sizes
among qualitatively different units, will be significantly different, and more closely predict INAI
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grades than SRI or NRI.
Explanation: If species density, as predicted, is an imprecise predictor of habitat quality, then an
index such as SRI that is related to species density will be an imprecise predictor of INAI grades.
If Mean C in comparable sample units more closely predicts INAI grading than species density,
the FQI should also predict INAI grades more accurately compared with SRI given that species
richness is a constant among the two indices.
Method of Testing: Means comparison tests will be used to evaluate how effectively Mean C,
Species Density, FQI, and SRI predict habitat quality as determined via INAI methods.
Results and Discussion - The remnants (Doug's Knob, Dot's Knob, and Isabel's Knob) were
graded A-to-B+, B, and C, respectively, at the outset of this study and prior to vegetation sampling
following the general criteria for grading natural areas for the INAI (White 1978). As noted
previously, the IDNR District Heritage Biologist has a slightly different interpretation evaluating
both Doug's and Dot's knobs as Grade B (Bittner, pers. comm.). Both sites were under the same
grazing regime prior to protection. The grading was from visual estimate and no compositional
data were evaluated for either judgement. The primary disturbance in these units historically was
livestock grazing. In the most recent past, Doug's and Dot's knobs were grazed by horses while
Isabel's Knob had a history of intensive cattle grazing (Bittner, pers. comm.).
Site Rankings. Differences were detected with ANOVA among several indices from the three
remnants (Table 8). Most indices (Shannon Diversity Index, Native Species Richness, Mean Ct,
Mean Cq, and FQI) ranked Doug's Knob first while Dot's Knob was ranked third among the
remnants by six of eight of the indices (Table 9). Indices varied in regard to Isabel's Knob
ranging in rankings from 1st to 3rd among the eight indices examined. Half the indices ranked
Isabel's Knob second, while indices related to SRI (including NRI and species density) ranked
Isabel's Knob first. Only the Shannon Diversity Index (H') agreed precisely with the INAI
gradings.
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Hypothesis Tests. ANOVA results indicated that Mean C and FQI detected significant differences
among each comparison between remnants. However, the hypothesis that Species Density would
be less sensitive to detecting differences among sites compared to Mean C is rejected as Species
Density also detected significant differences between each site, although rankings differ (Table 8).
The hypothesis that FQI would be more sensitive at detecting differences among sites and more
precisely rank sites according to INAI grading when compared to SRI and NRI is only partially
accepted. FQI detected differences among all remnant comparisons while two of the three
contrasts were detected as different by SRI and NRI. These latter indices differ in which
comparisons are different. SRI found Dot's Knob and Doug's Knob to be essentially identical
while FQI determined a difference at the p = 0.000001 level. NRI was unable to detect difference
between Doug's Knob and Isabel's Knob while SRI determined the difference at the p = 0.037
level (Table 9). Of the eight variables examined, only Native Species Richness was determined
by ANOVA to yield non-significant differences among the three remnants (Tables 8, 9).
The perception that Doug's Knob was the highest quality remnant generally is supported
by these comparisons. The A-to-B+ grade was based on the dominance of native and mostly
conservative species (Appendix 1). However, it is of interest that while Dot's Knob was judged
as intermediate in quality between Doug's and Isabel's knobs, the data consistently rank it as
third. In fact, when the planting units are included in the analysis, many indices (e.g., NRI, SRI,
Native Species Richness) place some reconstructions equal to or ahead of Dot's Knob or other
remnants. SRI ranks East Heinkle, the four-year old planting, first among all sites. Dot's Knob
was judged as Grade B because many conservative species are present and in places form the
chief matrix (e.g., Sporobolus heterolepis, Amorpha canescens, Baptisia leucophaea, Echinacea
pallida, Dalea purpurea, Potentilla arguta); however, many native and non-native ruderal species
also are common. Isabel's Knob was perceived as Grade C prairie because of a perceived low
abundance of conservative species typical for the habitat (e.g., Echinacea pallida, Dalea
purpurea, Amorpha canescens, Sporobolus heterolepis). However, Isabel's Knob has low
abundance of ruderal species and many interesting natives regarded as remnant dependent
including two, Cirsium hillii and Polygala incarnata, listed by the Illinois Endangered Species
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Protection Board as threatened and endangered, respectively. Among all sites, Isabel's Knob has
the most frequent history of prescribed fire having been burned almost annually since 1987. This
frequent history of fire management probably explains the high level of species density which
characterizes the site (Table 1). Increased species density and diversity follows bums in savannas,
flatwoods, barrens, and other similar vegetation (White 1983, Taft et al. 1995, Taft 1999b) and
annual fire has been shown to promote the greatest species diversity in coastal plain wiregrass
savannas (Walker and Peet 1983). Many studies that have examined fire effects in prairies have
occurred in relatively low diversity grasslands at the western edge of the tallgrass prairie biome
(e.g., Gibson 1988, Collins and Gibson 1990) that are characterized by strong dominance of C4
grasses. The response in prairies characterized by high forb diversity, such as in the eastern
portion of the tallgrass prairie, has not been adequately evaluated.
In order to evaluate whether FQI and the Mean C were overly sensitive to differences
between sites compared to NRI and Species Density, within-site differences were examined with
ANOVA (N = 6 transects, n = 20 quadrats/transect) and the Tukey post-hoc test. FQI and the
Mean C discriminated more within-site differences detecting as significantly different vegetation
data from three sites: Doug's Knob, Isabel's Knob, and the Main Unit Planting. NRI and Species
Density detected within-site differences at two sites: the Main Unit and East Heinkle Unit
plantings (Table 10). The difference detected by FQI and Mean C seem to be biologically
meaningful. The differences detected at Isabel's Knob are possibly an edge effect. The transects
detected as different were the two closest to the east boundary of the preserve and had the lowest
Mean C rankings at the site. Qualitative heterogeneity in plantings, as found with both sets of
indices (NRI/Species Density and FQI/Mean C) at the Main Unit and with NRI and Species
Density at the E. Heinkle Unit, could be expected in relatively recent plantings due to variation in
seeding distribution and establishment. The within-site differences detected by FQI and
particularly Mean C at Doug's Knob are due to differences between a few transects (Transects 1
and 3, 1 and 6, and 2 and 6). Transect 1 has an extraordinarily high Mean C (5.76) as 15 species
were encountered with Coefficients of Conservatism of 7 or greater (e.g., Amorpha canescens,
Aster azureus, Aster sericeus, Dalea purpurea, Echinacea pallida, Geum triflorum, Minuartia
stricta, Solidago ptarmicoides, Sporobolus heterolepis) and where only 2 non-native species were
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sampled. Transects 3 and 6 had the lowest Mean Cs for the site (4.47 and 4.41, respectively).
And while these are not particularly low values for natural areas, mean comparison tests indicate
significant differences. Transect 6 had seven non-native species thus lowering the Mean C
appreciably and Transect 3 had a lower number of the remnant-dependent species (ranked with
CCs from 7-10) compared with the other transects. Mean C is sensitive to non-native species
abundance in a survey or sample unit since, as all are assigned Coefficients of "0" value, they
depress the average for a transect proportionate to their total number. While somewhat more
sensitive at detecting within-site differences when compared to NRI and Species Density, the
distinct differences detected by FQI and Mean C can be explained by local variation in
composition that would be of interest in a restoration monitoring program.
Question E: Do species abundance measurements contribute uniquely to assessments of
community integrity?
General Hypothesis: Species abundance data allow FQA more flexibility compared with SRI and
allow discrimination of sample data that yields little difference among mean levels based on
presence-absence data.
Explanation: Species abundance patterns can change dramatically under vegetation management
such as prescribed fire. Based on presence-absence data alone, a site with numerous ruderal
species can have a SRI or NRI similar to a site with predominately competitor or conservative
species typically associated with natural areas. An index such that accommodates species
abundance measures enables refined assessment of differences in sample units.
Method of Testing: The Kolmogorov-Smirnov two-sample test was used to compare results form
species frequency data and species importance values (based on relative frequency and relative
cover). Compared are cumulative proportion profiles of sites using frequency of species among
Coefficients of Conservatism (CCs) versus profiles of sites using cumulative proportion of
importance value by the CCs. Pairwise probabilities, with the Bonferroni correction for multiple
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comparisons (oc = 0.05/21 = 0.0024), are presented to contrast each two-sample test array.
Results and Discussion - Cumulative proportion of species frequency distribution according to
CC rankings shows clear separation of some sites (Figure 11). The profile in the frequency
distribution for remnants compared with plantings tend to have slower rise in the curve, thus,
having a greater proportion of species in the higher CC values (i.e., the remnant-dependent species
guild). Most plantings have a faster rise in the curve indicating a greater proportion of species,
compared with the remnants, among the lower CC s (i.e., ruderal species guild). Most of the
statistically significant differences, as determined with the Kolmogorov-Smirnov (K-S) two-
sample test, are between remnants and planting units (Figure 11). The Main Unit has a profile
that is very similar to Dot's Knob; there is a noteworthy difference in the cumulative frequency
profiles between the Main Unit and one other planting unit (East Heinkle); however, the
difference is not statistically significant after the Bonferroni adjustment to probability levels. No
differences were detected by the K-S test among remnants.
Examining the cumulative proportion of Importance Value (sum of relative frequency and
relative cover [IV 200]) according to CC rankings reveals greater separation among sites (Figure
12). The East Heinkle and Hotchkiss plantings separate from the other profiles quite distinctly as
at these two sites there is a much greater proportion of the overall relative abundance of species in
the lower CC s. Many more differences between sites, based on maximum separation among
distribution patterns, are determined with the K-S test on these quantitative data compared with
presence-absence data. Statistically significant maximum differences in profiles occur between
Dot's Knob and Doug's Knob; however, no difference was detected between Dot's and Isabel's
knobs while following probability adjustment for the multiple comparisons (oc = 0.0024), there
also was no difference detected between Isabel's Knob and Doug's Knob (0.05>p>0.01).
Differences were detected between many of the remnant-to-plantings comparisons and many of
the plantings also were determined to have significantly different profiles (Figure 12).
Cover abundance data are a major aspect of this vegetational characterization of sites at
Nachusa grasslands. The composition is presented in descending rank order of importance value
(Appendices) to conveniently illustrate which species have the greatest abundance and which are
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infrequent. Also, the ordinations are influenced by abundance patterns among species and sites;
the DCA scatterplot uses the top 50 most abundant species, based on importance value, to
facilitate interpretation of the ordination and limit the influence of rare species. While increasing
the time and effort involved, quantitative data provide greater analytical flexibility with vegetation
data and more clearly characterize the vegetation of a study area. The time and effort involved, as
always, need to be evaluated in terms of goals of any assessment effort.
Rapid Assessment Testing
Functional Group Analysis - Based on frequency of occurrence for functional groups, salient
differences were detected between several sites for many of the functional groups (Figure 13).
Many of these differences largely are explained by differences between the remnant and plantings
sample groups (Figure 14). Frequency of native sedges is greater than 90% among remnants
while sedges virtually are absent from the plantings (small percentage recorded from E. Heinkle
Unit). Native C3 grasses also show sharp differences between the sample groups. Remnants have
from 87.5% to 100% frequency of native C3 (cool-season) grasses while plantings have from
22.5 to 69% frequency. Native N2 fixing species mostly are distinctly different between the
groups with remnants ranging from 84 to 100% while plantings, generally have low frequency (10
to 25%) of nitrogen fixing species. The Main Unit planting is an exception with 78% frequency
among transect segments. Native hemi-parasites (= Comandra umbellata) were recorded only at
Doug's Knob. In contrast, native annual/biennial species generally are more abundant among
plantings than remnants. Noteworthy exceptions to this pattern are Isabel's Knob which had 80%
frequency and the Main Unit planting had only about 19%. Among the plantings, the
annual/biennial species tend to be ruderal taxa (e.g., Ambrosia artemisiifolia).
Functional groups where there is little difference between sites and sample groups
(remnants and plantings) are native C4 grasses and native perennial forbs with fibrous or tap-
rooted root systems. Native perennial forbs with rhizomes (not distinguished from other native
perennial forbs at the East Heinkle Unit) tend to be most frequent at remnants.
Mean comparison tests (two-sample t-tests, pooled variance) examining differences among
these functional groups between the remnant and plantings sample units indicate significant
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differences for several groups (Table 11). Functional Groups so markedly different (native
sedges) or so obviously similar (native C4 grasses, native perennial forb [fibrous or tap-rooted
species]) between groups as to make a statistical tests unnecessary were not included in the
analysis. While it is obvious that native sedges are markedly more abundant among remnants
than plantings (Figure 14), other statistically significant differences were found between native C3
grasses, native forbs (rhizomatous species), and native nitrogen fixers (Table 12).
Results comparing functional group density/frequency scores (product of the sum of
distance classes and frequency) by site (Figure 15) indicate that remnant sites score greater than
planting units with the native legume functional group while plantings score with higher
adventive forb functional group (Figure 16). Native woody species scores are greatest at Dot's
Knob and the East Heinkle planting. Based on these data, the Main Unit planting most resembles
results from the remnants (Figures 13 and 15) with the exception of frequency data for native
sedges and hemi-parasites. Mean comparisons of scores between remnants and plantings for
native legumes and adventive forbs (two-sample t-tests) were significantly different, while the
difference among sample groups between native woody plants was not different (Table 12).
Based on these data, a rapid assessment designed to determine success or trends within
plantings and remnants should focus on native sedges, native C3 grasses, native N2 fixers, and
possibly hemi-parasites. In addition, a rapid assessment approach including distance measures to
functional groups for each transect segment should include native legumes, native woody plants,
and adventive (non-native) forbs. Native woody plants are recommended, despite no statistical
differences among the remnant and plantings sample groups, because the abundance of woody
species can change relatively rapidly depending on fire frequency. Assessing abundance trends
for woody plants may be useful in signaling need for fire management.
Comparison of results from Rapid Assessment to General Sampling
While there is considerable variation between sites, several of the functional group are
similar to parameters from quantitative sampling in distinguishing among the remnant and
plantings sample groups. The parameters from quantitative sampling successful in distinguishing
sample groups include: Native Species Richness, Exotic Species Richness, Mean C, FQI, NRI,
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Species Density, and Shannon Diversity Index (H'). Rapid Assessment of functional groups (e.g.,
Native Sedges, Native C3 Grass, Native Perennial Forbs [rhizomatous species], Native
Annual/Biennial Forbs, Native Nitrogen Fixers, Native Hemi-Parasites, Adventive Forbs) also
discriminated the remnant and planting groups with statistically significant differences. As with
many of the parameters from quantitative sampling, with Rapid Assessment the Main Unit
planting has intermediate characteristics between the remnants and the younger plantings (e.g.,
Figure 13).
Time involved for the two approaches is quite different. Rapid Assessment involves about
one hour per transect (i.e., 2 hrs per site for this study) while sampling the 120 quadrats among the
six transects took about 2.5 to 3 full days of sampling for each site. While the information content
of the more intensive quadrat sampling is much greater than the Functional Group testing, for
some questions and monitoring concerns, this much more time efficient rapid assessment
approach appears adequate and has the potential to be implemented by non-specialists. Periodic
full transect sampling, such as every five years, supplemented with more frequent Rapid
Assessment sampling (every year or two) likely would yield the data required to effectively
evaluate progress and changes within both remnants and plantings.
Taxonomic Group Analysis
Taxonomic group density was examined using the data from all transects and the quadrat
sampling effort with a focus on plant family number within and among sites. Total plant family
number among sites ranged from 15 to 27, with both a remnant and a planting with the greatest
family number (Table 1). Mean family number per transect does not vary greatly for sites (Figure
16); however, the dispersion of families by transect does (Figure 17). In general, plantings have a
slightly lower number of plant family number when compared to remnants (averaging 14 vs. 15
per transect and 20.5 vs. 25.5 overall among plantings and remnants, respectively). However, the
occurrence of plant families in plantings tends to be less dispersed within a site with a greater
proportion of family number found in the first transect. Plant family diversity among most
remnants (Isabel's Knob is an exception) tends to be more dispersed (Figure 17). This may be a
measure of maturity in the plant community and a trend that if monitored over time may indicate
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whether plant family diversity in plantings becomes more evenly dispersed with time.
SUMMARY
With the exception of a few extraordinary prairie reconstructions, prairie plantings in the
eastern portion of the tallgrass prairie region notoriously lack the structural characteristics and
diversity levels of undegraded prairie remnants. The few exceptions are well known: the Curtis
Prairie in Madison, WI, the Schulenberg Prairie at the Morton Arboretum in Lisle, IL and the
Doris Westfall Prairie near Georgetown, IL. All are at least 25 years old and have been the focus
of intensive and long-term management. An expectation for any index designed to characterize
natural quality among patches of vegetation would be that it should be sensitive enough to
discriminate between prairie plantings, particularly fairly recent ones, and prairie remnants. This
was a basic assumption with the testing of indices in this study.
Each index and parameter examined with Analysis of Variance, whether at the transect or
quadrat-level, yielded strongly significant differences between the seven sites at Nachusa
Grasslands sampled in this study (p<0.000001). The indices and parameters differ in the degree
of differences detected within and between sites and between the broader sample groups of
remnants and plantings. Most indices also detected significant differences in means between the
plantings and remnant sample groups, with the exception of SRI, Simpson's Index of Dominance,
and Evenness. The most sensitive indices, based on the number of comparisons found to be
statistically different in Tukey post-hoc tests following significant ANOVA tests (p < 0.05), were
Mean C followed by Native Mean C and FQI. The least sensitive index at detecting differences
within and between sample groups was the Shannon-Wiener Index of Diversity (H') followed by
Native Species Richness and SRI. Indices intermediate in sensitivity were Non-Native Species
Number, Species Density, and NRI.
While the diversity indices examined were mostly highly correlated, including NRI, there
also were strong correlations between diversity indices the indices related to Floristic Quality
Assessment (e.g., FQI and Mean C) with the correlation between Shannon Diversity Index (H')
and Mean C the only exception. There was a strong correlation between the NRI and FQI (and
Mean C) and this correlation remained similar across the scales examined.
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Species Density (native species), FQI, and Mean C were the indices that detected the
greatest differences among remnants. FQI and Mean C ranked Doug's Knob highest followed by
Isabel's Knob. Dot's Knob was ranked third by most indices. Species Density, NRI, and SRI
ranked Isabel's Knob first and Doug's Knob second. Presumably, the frequent fire history at
Isabel's Knob has promoted high levels of species density. Indices such as NRI and SRI being
derived from species density will rank sites accordingly.
If the interest in a vegetation monitoring and assessment program is in tracking the total
numbers of species present, the various unweighted diversity indices (e.g., NRI, Species Density,
Species Richness) are recommended. SRI is cautioned against since non-native species increase
the index. However, if the interest is in measuring differences and/or changes in floristic
composition as related to the integrity of species composition, the weighted diversity indices FQI
and Mean C are more sensitive to differences within and among sites. For this study, the
calculations for FQI and Mean C included the non-native species since these lower the average C
and the FQI giving a more realistic account of the integrity of the vegetation within a site.
A Rapid Assessment method tested that examined differences among sites in frequencies
of Functional Groups revealed that particular groups (e.g., native sedges, native C3 grasses, native
N2 fixers) appear to have potential at discriminating differences between sites and the remnant-
plantings sample groups. An additional approach with Rapid Assessment involved development
of a coefficient based on the product of the mean distance to functional group (e.g., Non-Native
Forb, Native N2 Fixer, Native Woody Plant) and frequency. The coefficient appears to distinguish
remnants from plantings and highlight sites where these particular groups are proportionately
greater. Both methods were implemented simultaneously when conducting Rapid Assessment for
a particular transect. After gaining ease with the sampling routine, a 100-m long transect can be
sampled in about one hour, a considerable time savings over quadrat sampling.
Monitoring vegetation over time is a widely used practice to evaluate effects of restoration
and reconstruction efforts. Tracking total numbers of species among time intervals and spatial
units is a customary means of quantifying changes or making comparisons among sites. However,
diversity levels alone are not adequate to address all concerns in a restoration program. As shown
in this study, it is possible for recent prairie plantings to have a similar richness of species at the
29
quadrat and site scales compared with a remnant prairie. However, the composition differs with
more ruderal species (native species with weedy tendencies) predominant at the planting while
more remnant-dependent species are present in the remnants. If it is acceptable in the monitoring
effort to count these species equally, then unweighted parameters will serve the program. If it is
recognized that an index that measures compositional differences according to qualitative aspects
of the habitat, then a weighted index will be more informative. The data from this study suggest
that FQI and Mean C, the latter an area-independent metric, are two indices that can effectively
discriminate compositional differences within and among sites that are biologically meaningful
and rank sites accordingly.
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Table 2. Results from two-sample t-tests (pooled variances) comparing transect-level means
among the remnant and plantings sample groups. Probability levels of significantly different mean
comparisons are shown in bold. Alpha adjusted with Bonferroni correction = 0.05/10 (p = 0.005).
PARAMETER Remnant Mean Planting Mean df t Probability
Native Species Richness 32.7222 25.0417 40 5.12 0.000008
Non-Native Species # 4.9444 13.5000 40 -6.66 < 0.000001
Mean C 4.2239 2.1292 40 8.34 < 0.000001
Native Mean C 4.8317 3.1500 40 6.92 < 0.000001
FQI (all spp.) 24.1628 10.6763 40 9.34 < 0.000001
SRI 58.4161 56.8971 40 0.36 0.723
NRI 47.4661 31.5446 40 5.39 0.00003
Dominance (D), all spp. 0.0880 0.1086 40 -1.48 0.146
Evenness (all spp.) 0.7955- 0.7546 40 2.14 0.039
H' (native spp.) 2.7714 2.4563 40 3.88 0.00038
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Table 3. Anaylsis of Variance summary results for indices compared among sites at the mean
transect, or in the case of "Species Density", quadrat-level.
Sum-of Mean- Probability
Variable Source Squares df Square F-ratio Level
Native Spp. # Site 1075.67 6 179.28 13.77 <0.000001
Non-Native Spp. # Site 1320.67 6 220.11 69.3 <0.000001
Species Density (native spp.) Site 110.28 6 18.38 57.81 <0.000001
H (native spp.) Site 3.07 6 0.51 27.34 <0.000001
Dominance (all) Site 0.07 6 0.01 42.92 <0.000001
Evenness (all) Site 0.15 6 0.02 37.46 <0.000001
FQI (all) Site 2587.06 6 431.18 105.95 <0.000001
Mean C Site 66.93 6 11.16 94.32 <0.000001
NRI Site 5430.14 6 905.02 41.45 <0.000001
SRI Site 5394.57 6 899.09 15.25 <0.000001
% Bare Ground Site 13335.8 6 2222.63 43.79 <0.000001
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Table 4a. Analysis of Variance with dependent variable Native Species Richness using transect totals from seven
sample locations at Nachusa Grasslands. N = 42.
Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
SITE$ 1075.67 6 179.28 13.78 <0.000001
Error 455.67 35 13.02
Using least squares means. Post Hoc test of Native Species Richness
Tukey HSD Multiple Comparisons. Matrix of pairwise comparison probabilities:
1 Dots 5 Isabels
2 Dougs 6 Main
3 Heinkle 7 Potholes
4 Hotchkiss
1 2 3 4 5 6 7
1 1.000000
2 0.731188 1.000000
3 0.994889 0.342100 1.000000
4 0.000428 0.000009 0.002702 1.000000
5 1.000000 0.731188 0.994889 0.000428 1.000000
6 0.582263 0.034527 0.917593 0.050679 0.582263 1.000000
7 0.000085 0.000006 0.000541 0.997543 0.000085 0.012480 1.000000
Least Squares Means
LI~
H
z
SITE
Afl.
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Table 4b. Analysis of Variance with dependent variable Non-Native Species Richness (SppEx) using transect totals
from seven sample locations at Nachusa Grasslands. N = 42.
Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
SITE$ 1320.67 6 220.11 69.30 < 0.000001
Error 111.67 35 3.18
Using least squares means. Post Hoc test of Non-Native Species Richness
Tukey HSD Multiple Comparisons. Matrix of pairwise comparison probabilities:
1 Dots 5 Isabels
2 Dougs 6 Main
3 Heinkle 7 Potholes
4 Hotchkiss
1 2 3 4 5 6 7
1 1.000000
2 0.080903 1.000000
3 0.000005 0.000005 1.000000
4 0.000005 0.000005 0.216884 1.000000
5 0.055992 0.999998 0.000005 0.000005 1.000000
6 0.913097 0.004602 0.000005 0.000005 0.002930 1.000000
7 0.159544 0.000070 0.000006 0.000005 0.000045 0.766830 1.000000
Least Squares Means
22.0
16.5
11.0
5.5
0.0
SITE
I I I i I |I II I I I I I
F-
I I I I I I I
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Table 4c. Analysis of Variance with dependent variable Species Density (native species) using transect totals from
seven sample locations at Nachusa Grasslands. N = 42.
Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
SITE$ 110.28 6 18.38 57.81 <0.000001
Error 11.13 35 0.317
Using least squares means. Post Hoc test of Species Density (native species).
Tukey HSD Multiple Comparisons. Matrix of pairwise comparison probabilities:
1 Dots 5 Isabels
2 Dougs 6 Main
3 Heinkle 7 Potholes
4 Hotchkiss
1 2 3 4 5 6 7
1 1.000000
2 0.100611 1.000000
3 1.000000 0.080463 1.000000
4 0.000050 0.000005 0.000066 1.000000
5 0.000005 0.001019 0.000005 0.000005 1.000000
6 0.138611 0.999999 0.112179 0.000005 0.000653 1.000000
7 0.000005 0.000005 0.000005 0.090060 0.000005 0.000005 1.000000
Least Squares Means
11
zL..,,
SITE
9 1 1 1
i 
l 
i 
l 
l I I
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Table 4d. Analysis of Variance with dependent variable Shannon-Wiener Diversity Index (H') using transect totals
from seven sample locations at Nachusa Grasslands. N = 42.
Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
SITE$ 3.07 6 0.51 27.34 <0.000000
Error 0.656 35 0.0187
Using least squares means. Post Hoc test of Shannon-Wiener Diversity Index (HNAT).
Tukey HSD Multiple Comparisons. Matrix of pairwise comparison probabilities:
1 Dots 5 Isabels
2 Dougs 6 Main
3 Heinkle 7 Potholes
4 Hotchkiss
1 2 3 4 5 6 7
1 1.000000
2 0.835995 1.000000
3 0.317319 0.018356 1.000000
4 0.608740 0.060685 0.998848 1.000000
5 0.845859 0.148630 0.969393 0.999548 1.000000
6 0.548275 0.048633 0.999665 1.000000 0.998539 1.000000
7 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 1.000000
Least Squares Means
z
3
2
1
SITE
SITE
, I
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Table 4e. Analysis of Variance with dependent variable Simpson's Index of Dominance (native and non-native
species) using transect totals from seven sample locations at Nachusa Grasslands. N: 42.
Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
SITE$ 0.074061 6 0.012343 42.923676 <0.000001
Error 0.010065 35 0.000288
Using least squares means. Post Hoc test of Simpson's Index of Dominance (CALL).
Tukey HSD Multiple Comparisons. Matrix of pairwise comparison probabilities:
1 Dots 5 Isabels
2 Dougs 6 Main
3 Heinkle 7 Potholes
4 Hotchkiss
1 2 3 4 5 6 7
1 1.000000
2 0.999968 1.000000
3 0.898306 0.968372 1.000000
4 0.836732 0.690338 0.190724 1.000000
5 0.000376 0.000815 0.010417 0.000012 1.000000
6 0.042585 0.078710 0.422434 0.001231 0.600669 1.000000
7 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 1.000000
Least Squares Means
1.0
0.8
0.6
0.4
0.2
0.0
SITE
I I I I I I IF-
-
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Table 4f. Analysis of Variance with dependent variable Evenness (native and non-native species) using transect
totals from seven sample locations at Nachusa Grasslands. N = 42.
Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
SITE$ 0.146 6 0.0243 37.46 <0.000001
Error 0.023 35 0.0006
Post Hoc test of EVENNESS. Tukey HSD Multiple Comparisons.
Matrix of pairwise comparison probabilities:
1 Dots 5 Isabels
2 Dougs 6 Main
3 Heinkle 7 Potholes
4 Hotchkiss
1 2 3 4 5 6 7
1 1.000000
2 0.998135 1.000000
3 0.014279 0.003366 1.000000
4 0.192207 0.455610 0.000015 1.000000
5 0.476444 0.204809 0.619870 0.001610 1.000000
6 0.945716 0.711306 0.154392 0.019151 0.968960 1.000000
7 0.000005 0.000005 0.000005 0.000005 0.000005 0.000005 1.000000
Least Squares Means
z
1I A
0.8
0.6
0.4
0.2
0.0
SITE
I
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Table 4g. Analysis of Variance with dependent variable Floristic Quality Index (all species) using transect totals
from seven sample locations at Nachusa Grasslands. N = 42.
Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
SITE$ 2587.06 6 431.18 105.95 <0.000001
Error 142.43 35 4.07
Using least squares means. Post Hoc test of FQI (all species).
Tukey HSD Multiple Comparisons. Matrix of pairwise comparison probabilities:
1 Dots 5 Isabels
2 Dougs 6 Main
3 Heinkle 7 Potholes
4 Hotchkiss
1 2 3 4 5 6 7
1 1.000000
2 0.000005 1.000000
3 0.000005 0.000005 1.000000
4 0.000005 0.000005 0.621422 1.000000
5 0.080506 0.000104 0.000005 0.000005 1.000000
6 0.364962 0.000005 0.000005 0.000005 0.000272 1.000000
7 0.000005 0.000005 0.188835 0.003002 0.000005 0.000095 1.000000
Least Squares Means
3J.U
26.8
20.6
4 14.4
8.2
2.0
SITE
I I I I I I I
pi .1 f%
-
-
-
-
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Table 4h. Results from Analysis of Variance and Tukey post-hoc test for comparisons of the mean Coefficient of
Conservatism (Mean C) using all species. N = 42.
Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
SITES 66.93 6 11.16 94.32 <0.000001
Error 4.14 35 0.118
Using least squares means. Post Hoc test of Mean Coefficient of Conservatism (all species).
Tukey HSD Multiple Comparisons. Matrix of pair-wise probabilities:
1 Dots 5 Isabels
2 Dougs 6 Main
3 Heinkle 7 Potholes
4 Hotchkiss
1 2 3 4 5 6 7
1 1.000000
2 0.000005 1.000000
3 0.000005 0.000005 1.000000
4 0.000005 0.000005 0.987670 1.000000
5 0.052422 0.001494 0.000005 0.000005 1.000000
6 0.875984 0.000005 0.000005 0.000005 0.002039 1.000000
7 0.000100 0.000005 0.000374 0.000044 0.000005 0.003513 1.000000
Least Squares Means
0z
w.
SITE
f I I I I I ]
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Table 4i. Analysis of Variance with dependent variable Native Richness Index (NRI) using transect totals from
seven sample locations at Nachusa Grasslands. N = 42.
Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
SITE$ 5430.14 6 905.02 41.45 <0.000001
Error 764.11 35 21.83
Using least squares means. Post Hoc test of Native Richness Index (NRI).
Tukey HSD Multiple Comparisons. Matrix of pairwise comparison probabilities:
1 Dots 5 Isabels
2 Dougs 6 Main
3 Heinkle 7 Potholes
4 Hotchkiss
1 2 3 4 5 6 7
1 1.000000
2 0.109224 1.000000
3 0.999863 0.051220 1.000000
4 0.000015 0.000005 0.000035 1.000000
5 0.000298 0.307191 0.000112 0.000005 1.000000
6 0.981805 0.455406 0.906431 0.000006 0.003111 1.000000
7 0.000005 0.000005 0.000005 0.749941 0.000005 0.000005 1.000000
Least Squares Means
z
60.
50.
41.
31.1
22.,
13.(
U 1[I- 1\ -- I]
6
2
B
4
SITE
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Table 4j. Analysis of Variance with dependent variable Species Richness Index (SRI) using transect totals from
seven sample locations at Nachusa Grasslands. N = 42.
Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
SITE$ 5394.57 6 899.095 15.246 <0.000001
Error 2064.07 35 58.97
Using least squares means. Post Hoc test of Species Richness Index (SRI).
Tukey HSD Multiple Comparisons. Matrix of pairwise comparison probabilities:
1 Dots 5 Isabels
2 Dougs 6 Main
3 Heinkle 7 Potholes
4 Hotchkiss
1 2 3 4 5 6 7
1 1.000000
2 1.000000 1.000000
3 0.003264 0.004590 1.000000
4 0.806942 0.864877 0.106285 1.000000
5 0.960660 0.979989 0.039959 0.999447 1.000000
6 0.999327 0.997352 0.000918 0.539015 0.799146 1.000000
7 0.000263 0.000184 0.000005 0.000009 0.000020 0.000961 1.000000
Least Squares Means
64
44
24
SITE
I I I I I I I
0" A
84
-
-
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Table 4k. Analysis of Variance with dependent variable % Bare Ground using transect totals from seven sample
locations at Nachusa Grasslands. N = 42.
Analysis of Variance
Source Sum-of-Squares df Mean-Square F-ratio P
SITE$ 13335.80 6 2222.63 43.79 <0.0000001
Error 1776.37 35 50.75
Using least squares means. Post Hoc test of % Bare Ground.
Tukey HSD Multiple Comparisons. Matrix of pairwise comparison probabilities:
1 Dots 5 Isabels
2 Dougs 6 Main
3 Heinkle 7 Potholes
4 Hotchkiss
1 2 3 4 5 6 7
1 1.000000
2 0.000005 1.000000
3 0.767884 0.000005 1.000000
4 0.343819 0.000005 0.991676 1.000000
5 1.000000 0.000005 0.779698 0.355370 1.000000
6 0.999999 0.000005 0.841356 0.424419 1.000000 1.000000
7 0.000005 0.378286 0.000005 0.000005 0.000005 0.000005 1.000000
Least Squares Means
61.0
48.8
36.6
< 24.4
12.2
0
SITE
I I I I I I I
d, .1 ^
E
-
0.(
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Table 5. Summary of differences in tested floristic indices and community parameters
within and between sample groups. Differences tabulated were those considered statistically
significant by the Tukey post-hoc test.
Total Possible Comparissons
Mean C
Native Mean C
FQI (all spp.)
Non-Native Species #
Species Density
NRI
Dominance, all spp.
Evenness (all spp.)
Native Species Richness
SRI
H' (native spp.)
Remnants
3
2
2
2
0
2
1
2
0
0
0
0
Between
12
11
10
11
10
8
8
6
6
7
6
5
Plantings
6
5
5
4
4
4
4
4
5
3
4
3
TOTAL
21
18
17
17
14
14
13
12
11
10
10
8
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Table 7. Correlation coefficients for comparisons of community diversity and integrity indices from
data collect at Nachusa Grasslands. (t) indicates variable from transect scale, (q) indicates variable
from quadrat scale. Probabilities adjusted for multiple comparisons (Bonferroni adjustment for all
contrasts; not all contrasts shown). N = 42. H' is the Shannon Index of diversity, NRI = Native
Rating Index, Mean C = average Coefficient of Conservatism, FQI = Floristic Quality Index.
variable 1
Test 1 H' native diversity (t)
H' native diversity (t)
H' native diversity (t)
Species Density (native)
Species Density (native)
Species Richness (native)
Test 2 Mean Cq (all spp.)
Mean Ct (all spp.)
Mean Ct (all spp.)
Mean Ct (all spp.)
FQI (all spp.)
FQI (all spp.)
FQI (all spp.)
Test 3 FQI(t) (all spp.)
Mean Ct (all spp.)
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
variable 2
Species Density
Species Richness (t)
NRIt
Species Richness (t)
NRIt
NRIt
Species Density
Species Richness (t)
H' diversity (t)
FQI(t)
H'
Species Richness (t)
Species Density
NRI(t)
NRI(t)
r
0.668
0.772
0.723
0.730
0.969
0.866
0.647
0.581
0.399
0.986
0.510
0.697
0.667
0.729
0.653
Bonferroni
Probability
0.000028
< 0.000001
0.000001
0.000001
< 0.000001
< 0.000001
0.000077
0.001143
0.18623
< 0.000001
0.01179
0.000006
0.000029
0.000001
0.000059
---N -Of --------
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Table 8. Results from pairwise multiple comparisons from Tukey Post-hoc
Tests on indices for detecting difference among prairie remnants at Nachusa
Grasslands. Sites are shown in order of ranking from top (1) to lowest (3)
for the parameters examined.
Pairwise Comparisons from Tukey Post-hoc Tests
Species Density
H' Diversity
Native Spp. Richness
Mean Cq
Mean Ct
FQIt
SRIt
NRIt
Dot's Knob
Doug's Knob
0.015563
0.386139
0.505369
0.000015
0.000015
0.000001
1.000000
0.041041
Dot's Knob
Isabel's Knob
0.000001
0.40335
1.000000
0.007023
0.007023
0.020235
0.022212
0.000447
Doug's Knob
Isabel's Knob
0.000258
0.018259
0.505369
0.015846
0.015846
0.000109
0.036752
0.122189
Species Density
H' Diversity
Native Spp. Richness
Mean Cq
Mean Ct
FQIt
SRIt
NRIt
Mean Scores
INAI Grade
Dot's Knob
3
2
2
3
3
3
3
3
2.75
B
Ranking
Doug's Knob
2
1
1
1
1
1
2
2
1.375
A
Isabel's Knob
1
3
2
2
2
2
1
1
1.75
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Table 10. Analysis of Variance results of within site comparisons examing sensitivity of indices
at detecting differences among transects within each site using the Tukey post-hoc test.
VARIABLE
FQI (all spp.)
Site
Doug's Knob
Dot's Knob
Isabel's Knob
Main Unit
Overall
Probability
Level
0.0119
0.676
0.0011978
0.000001
Potholes Unit
E. Heinkle Unit
Hotchkiss Unit
Significantly Different
Within Site Comparisons
(Transect #s)
1&3
1&3
1&4
1&5
1&6
1&5
1&6
2&4
0.366
0.297
0.964
NRI Doug's Knob 0.398
Dot's Knob 0.272
Isabel's Knob 0.9937
Main Unit 0.00788 1 & 6
2&6
Potholes Unit 0.82
E. Heinkle Unit 0.012 2 & 6
Hotchkiss Unit 0.8679
Mean C Doug's Knob 0.000008 1 & 3
1&6
2&6
Dot's Knob 0.89
Isabel's Knob 0.000005 1 & 3 2 & 4
1&4 2&5
1&5 2&6
1&6
Main Unit 0.00013 1 & 5
2&5
3&5
Potholes Unit 0.237
E. Heinkle Unit 0.46
Hotchkiss Unit 0.957
Species Density Doug's Knob 0.298
(native species) Dot's Knob 0.222
Isabel's Knob 0.99
Main Unit 0.006 1 & 6
2&6
Potholes Unit 0.87
E. Heinkle Unit 0.0127 2 & 6
Hotchkiss Unit 0.957
2&5
2&6
3&5
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Table 11. Results from two-sample t-tests (pooled variances) comparing functional group frequency
among segments of transects in remnant and plantings sample groups. Bonferroni adjusted probability
levels of significantly different mean comparisons are shown in bold.
Functional Group Remnant Mean Planting Mean df t Probability
Native C3 Grass 95.83 53.13 12 3.87 0.0088
Native Forb (rhizome) 96.88 78.75 10 3.08 0.0463
Native Annual/Biennial 41.25 73.75 12 -1.81 0.3831
Native N2 Fixer 91.67 32.03 12 4.60 0.0025
Table 12. Results from two-sample t-tests (pooled variances) comparing functional group frequency/
density scores between remnant and plantings sample groups. Bonferroni adjusted probability levels
of significantly different mean comparisons are shown in bold.
Functional Group Remnant Mean Planting Mean df t Probability
Native Legumes 1312.40 195.22 12 4.60 0.0018
Native Woody Plants 95.75 251.81 12 -0.82 1.0000
Non-Native Forbs 515.08 1551.31 12 -4.52 0.0021
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Figure 1. Location and approximate boundaries of Nachusa Grasslands in Lee and Ogle
counties, Illinois.
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Figure 2. Detrended Correspondence Analysis scatterplot of vegetation data from seven sites at
Nachusa Grasslands showing plots (i.e., transects) in species ordination space. Sites are grouped
by symbols (remnants with closed symbols, plantings with open symbols) and transect numbers
and include: 1-6 = Doug's Knob, 7-12 = Dot's Knob, 13-18 = Isabel's Knob, 19-24 = Main Unit,
25-30 = Potholes Unit, 31-36 = East Heinkle Unit, and 37-42 = Hotchkiss Unit. Key to species
acronyms below. Non-native species are indicated by asterisks (*).
Scientific Name
Achillea millefolium*
Agrostis hyemalis
Ambrosia artemisiifolia
Ambrosia psilostachya
Andropogon gerardii
Antennaria neglecta
Asclepias syriaca
Asclepias verticillata
Acroynum
ASTERI
ASTPIL
ASTSER
BROINE
CALSEP
CHEALB
CIRDIS
CORPAL
Scientific Name
: Aster ericoides
: Aster pilosus
: Aster sericeus
: Bromus inermis*
Calystegia sepium
Chenapodium album*
Cirsium discolor
Coreopsis palmata
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Scientific Name
= Carex bicknellii
= Carex brevior
= Carex pennsylvanica
= Daucus carota*
= Echinacea pallida
= Euthamia gymnospermoides
= Helianthus occidentalis
= Helianthus rigidus
= Lepidium densiflorum
= Lespedeza capitata
= Medicago sativa*
= Monardafistulosa
= Oxalis dillenii/stricta
= Panicum oligosanthes v.
scriberianum
= Panicum villosissimum
= Penstemon digitalis
= Physalis cf. virginiana
Acroynum
POA.SP
POTARG
RATPIN
RUMACE
SCHSCO
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SETVIV
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SOLRIG
SORNUT
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Scientific Name
= Poa pratensis/compressa*
= Potentilla arguta
= Ratibida pinnata
= Rumex acetosella*
= Schizachyrium scoparium
= Senecio pauperculus
= Setaria viridis*
= Sisyrinchium campestre
= Solidago canadensis
= Solidago nemoralis
= Solidago rigida
= Sorghastrum nutans
= Sporobolus heterolepis
= Stipa spartea
= Taraxicum officinale*
= Trifolium pratense*
= Viola fimbriatula/sagittata
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Figure 4. Graphical depictions of two-sample t-test results comparing data from remnants and plantings at
Nachusa Grasslands. SPPDENSEN = species density (native spp.), SPPDENSEX = species density (non-
native spp.), SPPNATIVE = native species richness, FQIALL = Floristic Quality Index (all spp.),
MEANCALL = average Coefficient of Conservatism (native spp.), SRIQ = Species Richness Index (quadrat-
level), NRIQ = Native Richness Index (quadrat-level), CALL = Simpson's Dominance Index (all spp.), EVEN
= Evenness, and HNAT = Shannon-Wiener Index of Diversity (native species).
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Figure 5. Principal Components Analysis (PCA) scatter-biplot of physiognomic groups among
seven sites at Nachusa Grasslands. Data are summarized at the level of transects among sites
with six transects per site. Solid symbols are remnants (represented by transects 1-18); open
symbols are sites where prairie has been planted (transects 19-42).
Key to Acronyms:
A-Forb X = Exotic Annual Forb
A-Forb N = Native Annual Forb
B-Forb N = Native Biennial Forb
P-Forb X = Exotic Perennial Forb
P-Forb N = Native Perennial Forb
P-Grass N = Native Perennial Grass
P-Grass = Native Perennial Grass
P-Sedge = Native Perennial Sedge
Shrub X = Exotic Shrub
Shrub N = Native Shrub
Tree X = Exotic Tree
W-Vine N = Native Woody Vine
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Figure 6. Comparison of scale differences for indices of floristic integrity. Error bars are Standard Deviation.
FQI = Floristic Quality Index, n = native; NRI = Native Rating Index; SRI = Species Rating Index.
Figure 7. Comparison of scale differences for indices of floristic integrity with indices log-transformed.
Error bars are Standard Deviation. FQI = Floristic Quality Index, n = native; NRI = Native Rating Index;
SRI = Species Rating Index.
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Figure 8. Comparison of scale for the average Coefficient of Conservatism (Mean C) and
square root of species richness. Data from seven Nachusa Grasslands study sites.
Error bars are standard error.
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Figure 9. Comparison of correlation patterns between Floristic Quality Index (FQI) and Native Rating Index
(NRI) for prairie remnant (n = 360, solid diamond symbols) and plantings (n = 480, open symbols) sample
groups at Nachusa Grasslands.
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Figure 10. Correlation with regression lines of Floristic Quality Index and Native Rating Index
for all plots at Nachusa Grassland comparing trends among sites. Dots, Dougs, and Isabels are
prairie remnants; other sites are plantings.
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Kolmogorov-Smirnov Two Sample Test results
Two-sided probabilities; the Bonferroni adjustment to alpha is 0.05/21 = 0.0024 for all possible comparisons in this test.
Dot's Doug's E. Heinkle Hotchkiss Isabel's Main Potholes
Dot's Knob 1.0000
Doug's Knob 0.2336 1.0000
East Heinkle Unit 0.0104 0.0000 1.0000
Hotchkiss Unit 0.0176 0.0003 0.9998 1.0000
Isabel's Knob 0.1744 0.8465 0.000003 0.0001 1.0000
Main Unit 0.9996 0.0566 0.0244 0.1058 0.1058 1.0000
Potholes Unit 0.5129 0.0172 0.6636 0.6069 0.0053 0.6919 1.0000
Figure 11. Cumulative frequency distribution of species occurrences by Coefficients of Conservatism (CC)
and results from Kolmogorov-Smirnov two sample tests showing pairwise Dmax values and probabilities.
Significant differences in cumulative frequency curves between sites are shown in bold. The faster the rise
in the curve, the greater the proportion of species are in the lower CCs (ruderal guild). Prairie remnants
are indicated by solid symbols, the plantings are represented by open symbols and dashed lines.
Frequency Distribution by Coefficient of Conservatism -
Nachusa Grassland
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Kolmogorov-Smirnov Two Sample Test results
Two-sided probabilities
Dot's Knob
Doug's Knob
East Heinkle Unit
Hotchkiss Unit
Isabel's Knob
Main Unit
Potholes Unit
Dot's
1.0000
<0.001
<0.001
<0.001
ns
ns
ns
Doug's E. Heinkle Hotchkiss Isabel's
1.0000
<0.001 1.0000
<0.001 <0.05 >0.01
<0.05>0.01 <0.001
-0.01>0.00: <0.001
<0.001 <0.001
1.0000
<0.001
<0.001
<0.001
1.0000
ns
ns
Main Potholes
1.0000
ns 1.0000
Figure 12. Cumulative distribution of Importance Value for species by Coefficients of Conservatism (CC)
and results from Kolmogorov-Smirnov two sample tests showing pairwise probabilities. Significant differences
in cumulative frequency curves between sites are shown in bold. The faster the rise in the curve, the greater
the proportion of species' abundance (importance value [IV 200]) are in the lower CCs (ruderal guild).
Prairie remnants are indicated by solid symbols, the plantings are represented by open symbols and dashed lines.
The Bonferroni adjustment to alpha is 0.05/21 = 0.0024 for all possible comparisons in this test.
Profiles of Cumulative IV by CC for Sample
Sites at Nachusa Grasslands
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Comparison of Scores for Native Legumes, Native
Woody Plants, and Adventive Forbs
8
DotsDougs Isabels Main Potholes Heinkle Hotchkiss
Figure 15. Comparison of scores for native legumes, native woody plants, and adventive forbs
among remnants and plantings at Nachusa Grasslands. Scores are coefficients that are calculated as
the product of a density and frequency measure from each transect segment for each sampled group.
Density is scored with a 5 if occurrence is within first meter of the 5-m segments, 4 if from second meter,
and eventually 1 if in the 4-to-5 meter zone of the segment. The coefficient is the sum of these measures
multiplied by frequency. Frequency is relativized so transects of different lengths (80 and 100 meters)
can be compared.
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Figure 16. Comparison of Functional Group Distance/Frequency Scores between prairie
remnants and plantings at Nachusa Grasslands. Error bars are SE.
Distance/Frequency Scores for Functional Groups - Comparing Remnants and
Plantings at Nachusa Grasslands
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Figure 17. Average number of plant families for each transect at the study sites within Nachusa Grasslands.
Error bars are standard deviation.
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Figure 18. Cumulative proportion of plant family number per transect comparing profiles among sites at Nachusa
Grasslands. Matrix of probabilities from Kolmogorov-Smirnov two-sample tests shown below. Alpha following
Bonferroni adjustment is 0.05/21 = 0.0024.
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Appendix 1 - Doug's Knob Species Composition
Doug's Knob Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occurrences % Freq. 120 plots Cover Cover Rel Freq +
per 120 plots (m-sq) Rel Cover
Schizachyrium scoparium 5 107 89.17 9.70 40.946 12.284 25.119 34.820
Coreopsis palmata 6 81 67.50 7.34 18.117 5.435 11.114 18.458
Echinacea pallida 7 86 71.67 7.80 12.908 3.873 7.919 15.716
Carex pennsylvanica 5 81 67.50 7.34 9.863 2.959 6.050 13.394
Aster ericoides 4 65 54.17 5.89 8.383 2.515 5.143 11.036
Poa pratensis/compressa * 79 65.83 7.16 5.783 1.735 3.548 10.710
Helianthus occidentalis 7 43 35.83 3.90 10.954 3.286 6.720 10.618
Aster sericeus 9 64 53.33 5.80 6.871 2.061 4.215 10.017
Sporobolus heterolepis 9 34 28.33 3.08 10.833 3.250 6.646 9.728
Stipa spartea 6 42 35.00 3.81 4.388 1.316 2.692 6.499
Andropogon gerardii 5 14 11.67 1.27 5.271 1.581 3.233 4.503
Amorpha canescens 8 22 18.33 1.99 4.000 1.200 2.454 4.448
Comandra umbellata 6 30 25.00 2.72 2.717 0.815 1.667 4.386
Panicum oligosanthes var.
scriberianum 3 35 29.17 3.17 1.292 0.388 0.792 3.966
Physalis cf. virginiana ? 28 23.33 2.54 0.933 0.280 0.573 3.111
Ambrosia psilostachya 2 19 15.83 1.72 1.938 0.581 1.189 2.911
Geum triflorum 9 11 9.17 1.00 2.321 0.696 1.424 2.421
Sorghastrum nutans 4 11 9.17 1.00 2.133 0.640 1.309 2.306
Carex bicknellii 8 19 15.83 1.72 0.863 0.259 0.529 2.252
Panicum villosissimum 5 16 13.33 1.45 0.883 0.265 0.542 1.992
Verbena stricta 2 16 13.33 1.45 0.533 0.160 0.327 1.778
Achillea millefolium * 11 9.17 1.00 1.238 0.371 0.759 1.756
Euthamia gymnospermoides 5 13 10.83 1.18 0.925 0.278 0.567 1.746
Asclepias verticillata 1 17 14.17 1.54 0.258 0.078 0.158 1.700
Koeleria macrantha 7 11 9.17 1.00 0.675 0.203 0.414 1.411
Sisyrinchium campestre 6 13 10.83 1.18 0.108 0.033 0.066 1.245
Monardafistulosa 4 3 2.50 0.27 1.238 0.371 0.759 1.031
Dodecatheon meadia 6 7 5.83 0.63 0.558 0.168 0.343 0.977
Euphorbia corollata 3 7 5.83 0.63 0.475 0.143 0.291 0.926
Dalea purpurea 8 6 5.00 0.54 0.488 0.146 0.299 0.843
Bouteloua hirsuta 9 5 4.17 0.45 0.496 0.149 0.304 0.757
Anemone cylindrica 8 6 5.00 0.54 0.317 0.095 0.194 0.738
Bromus inermis * 6 5.00 0.54 0.250 0.075 0.153 0.697
Antennaria neglecta 4 5 4.17 0.45 0.308 0.093 0.189 0.642
Potentilla arguta 10 5 4.17 0.45 0.308 0.093 0.189 0.642
Solidago nemoralis 3 5 4.17 0.45 0.275 0.083 0.169 0.622
Antennaria plantaginifolia 4 6 5.00 0.54 0.083 0.025 0.051 0.595
Parthenium integrifolium 8 2 1.67 0.18 0.646 0.194 0.396 0.578
Aster pilosus 0 6 5.00 0.54 0.050 0.015 0.031 0.575
Oxalis dillenii/stricta 0 6 5.00 0.54 0.050 0.015 0.031 0.575
Liatris aspera 7 5 4.17 0.45 0.108 0.033 0.066 0.520
Solidago ptarmacoides 9 3 2.50 0.27 0.375 0.113 0.230 0.502
Panicum linearifolium 7 3 2.50 0.27 0.275 0.083 0.169 0.441
Minuartia stricta 10 4 3.33 0.36 0.050 0.015 0.031 0.393
Tradescantia ohiensis 3 3 2.50 0.27 0.158 0.048 0.097 0.369
Page 1 of 2
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Appendix 1 - Doug's Knob Species Composition
Page 2 of 2
Doug's Knob Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occurrences % Freq. 120 plots Cover Cover Rel Freq +
per 120 plots (m-sq) Rel Cover
Cornus racemosus 2 2 1.67 0.18 0.250 0.075 0.153 0.335
Bouteloua curtipendula 7 3 2.50 0.27 0.075 0.023 0.046 0.318
Aster azureus 7 3 2.50 0.27 0.058 0.018 0.036 0.308
Oenothera rhombipetala 5 3 2.50 0.27 0.058 0.018 0.036 0.308
Lithospermum incisum 8 3 2.50 0.27 0.042 0.013 0.026 0.298
Rosa carolina 4 2 1.67 0.18 0.150 0.045 0.092 0.273
Equisetum variegatum 8 2 1.67 0.18 0.050 0.015 0.031 0.212
Ambrosia artemisiifolia 0 2 1.67 0.18 0.033 0.010 0.020 0.202
Cirsium discolor 3 2 1.67 0.18 0.033 0.010 0.020 0.202
Lactuca serriola * 2 1.67 0.18 0.033 0.010 0.020 0.202
Scutellaria leonardii 5 2 1.67 0.18 0.033 0.010 0.020 0.202
Asclepias syriaca 0 2 1.67 0.18 0.017 0.005 0.010 0.192
Leptoloma cognatum 4 1 0.83 0.09 0.125 0.038 0.077 0.167
Senecio pauperculus 3 1 0.83 0.09 0.125 0.038 0.077 0.167
Solidago missouriensis 4 1 0.83 0.09 0.125 0.038 0.077 0.167
Agrostis alba 0 1 0.83 0.09 0.025 0.008 0.015 0.106
Erigeron strigosus 2 1 0.83 0.09 0.025 0.008 0.015 0.106
Rumex acetosella * 1 0.83 0.09 0.025 0.008 0.015 0.106
Viola fimbriatula/sagittata 6 1 0.83 0.09 0.025 0.008 0.015 0.106
Desmodium canadense 5 1 0.83 0.09 0.008 0.003 0.005 0.096
Diodia teres 2 1 0.83 0.09 0.008 0.003 0.005 0.096
Linum sulcatum 8 1 0.83 0.09 0.008 0.003 0.005 0.096
Prunus sertina 1 1 0.83 0.09 0.008 0.003 0.005 0.096
Solidago rigida 4 1 0.83 0.09 0.008 0.003 0.005 0.096
Taraxicum officinale * 1 0.83 0.09 0.008 0.003 0.005 0.096
Asteraceae seedling ? 1 0.83 0.09 0.008 0.003 0.005 0.096
100.00 48.903 100.000 200.000
* Non-native species (treated as "0" in FQI calculations)
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Appendix 2 - Dot's Knob Species Composition
Dot's Knob Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occurrences % Freq. 120 plots Cover Cover Rel Freq +
per 120 lots (m-sq) Rel Cover
^c~c^z~---^ - --- ----------- 
Schizachyrium scoparium 5 91 75.83 8.44 36.64 10.99 18.06 26.50
Sorghastrum nutans 4 72 60.00 6.68 30.37 9.11 14.97 21.64
Carex pennsylvanica 5 101 84.17 9.37 21.36 6.41 10.53 19.90
Aster ericoides 4 66 55.00 6.12 20.03 6.01 9.87 15.99
Achillea millefolium * 79 65.83 7.33 8.50 2.55 4.19 11.52
Poa pratensis/compressa * 69 57.50 6.40 9.82 2.95 4.84 11.24
Carex brevior 4 58 48.33 5.38 11.56 3.47 5.70 11.08
Euthamia gymnospermoides 5 55 45.83 5.10 9.15 2.75 4.51 9.61
Echinacea pallida 7 43 35.83 3.99 10.65 3.20 5.25 9.24
Panicum oligosanthes var.
scriberianum 3 47 39.17 4.36 3.57 1.07 1.76 6.12
Baptisia leucophaea 9 24 20.00 2.23 7.08 2.13 3.49 5.72
Rubusflagellaris 2 24 20.00 2.23 5.30 1.59 2.61 4.84
Physalis cf. virginiana ? 32 26.67 2.97 1.33 0.40 0.66 3.63
Rosa carolina 4 14 11.67 1.30 3.28 0.98 1.62 2.91
Rhus glabra 1 8 6.67 0.74 3.31 0.99 1.63 2.37
Panicum villosissimum 5 17 14.17 1.58 0.69 0.21 0.34 1.92
Aster pilosus 0 19 15.83 1.76 0.29 0.09 0.14 1.91
Carex bicknellii 8 8 6.67 0.74 2.15 0.64 1.06 1.80
Potentilla arguta 10 12 10.00 1.11 1.17 0.35 0.58 1.69
Viola fimbriatula/sagittata 6 15 12.50 1.39 0.49 0.15 0.24 1.63
Bouteloua curtipendula 7 9 7.50 0.83 1.60 0.48 0.79 1.62
Rumex acetosella * 13 10.83 1.21 0.79 0.24 0.39 1.60
Asclepias verticillata 1 15 12.50 1.39 0.28 0.08 0.14 1.53
Daucus carota * 14 11.67 1.30 0.43 0.13 0.21 1.51
Cirsium discolor 3 12 10.00 1.11 0.43 0.13 0.21 1.33
Polygala polygama 7 10 8.33 0.93 0.22 0.07 0.11 1.03
Lespedeza capitata 4 8 6.67 0.74 0.58 0.18 0.29 1.03
Bromus inermis * 8 6.67 0.74 0.51 0.15 0.25 0.99
Amorpha canescens 8 4 3.33 0.37 1.15 0.35 0.57 0.94
Scutellaria leonardii 5 8 6.67 0.74 0.20 0.06 0.10 0.84
Asclepias syriaca 0 7 5.83 0.65 0.33 0.10 0.16 0.81
Anemone cylindrica 8 7 5.83 0.65 0.23 0.07 0.11 0.76
Helianthus occidentalis 7 3 2.50 0.28 0.94 0.28 0.46 0.74
Andropogon gerardii 5 2 1.67 0.19 1.13 0.34 0.55 0.74
Hieracium longipilum 6 7 5.83 0.65 0.18 0.05 0.09 0.74
Desmodium illinoensis 5 6 5.00 0.56 0.33 0.10 0.16 0.72
Antennaria neglecta 4 6 5.00 0.56 0.23 0.07 0.11 0.67
Potentilla simplex 3 5 4.17 0.46 0.41 0.12 0.20 0.67
Pycnanthemum tenuifolium 4 3 2.50 0.28 0.77 0.23 0.38 0.66
Sporobolus heterolepis 9 2 1.67 0.19 0.94 0.28 0.46 0.65
Ambrosia artemisiifolia 0 6 5.00 0.56 0.12 0.04 0.06 0.61
Lactuca serriola * 5 4.17 0.46 0.19 0.06 0.09 0.56
Cornus racemosus 2 3 2.50 0.28 0.56 0.17 0.28 0.56
Verbena stricta 2 5 4.17 0.46 0.16 0.05 0.08 0.54
Solidago gigantea 3 3 2.50 0.28 0.51 0.15 0.25 0.53
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Appendix 2 - Dot's Knob Species Composition
Page 2 of 2
Dot's Knob Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occurrences % Freq. 120 plots Cover Cover Rel Freq +
per 120 plots (m-sq) Rel Cover
Viola pedatifida 9 5 4.17 0.46 0.07 0.02 0.03 0.50
Oxalis dillenii/stricta 0 5 4.17 0.46 0.04 0.01 0.02 0.48
Eragrostis spectabilis 3 4 3.33 0.37 0.20 0.06 0.10 0.47
Rubus occidentalis 2 2 1.67 0.19 0.44 0.13 0.22 0.40
Taraxicum officinale * 4 3.33 0.37 0.05 0.02 0.02 0.40
Plantago lanceolata * 2 1.67 0.19 0.33 0.10 0.16 0.35
Dalea purpurea 8 2 1.67 0.19 0.25 0.08 0.12 0.31
Prunus americana 3 2 1.67 0.19 0.15 0.05 0.07 0.26
Stipa spartea 6 2 1.67 0.19 0.15 0.05 0.07 0.26
Crategus crus-galli 2 1 0.83 0.09 0.31 0.09 0.15 0.25
Rudbeckia hirta 2 2 1.67 0.19 0.05 0.02 0.02 0.21
Solanum carolinense 0 2 1.67 0.19 0.05 0.02 0.02 0.21
Agrostis alba 0 2 1.67 0.19 0.03 0.01 0.02 0.20
Fragaria virginiana 2 1 0.83 0.09 0.13 0.04 0.06 0.15
Medicago lupulina * 1 0.83 0.09 0.13 0.04 0.06 0.15
Solidago canadensis 1 1 0.83 0.09 0.13 0.04 0.06 0.15
Solidago nemoralis 3 1 0.83 0.09 0.13 0.04 0.06 0.15
Tradescantia ohiensis 3 1 0.83 0.09 0.13 0.04 0.06 0.15
Agrostis hyemalis 2 1 0.83 0.09 0.03 0.01 0.01 0.11
Anemone virginiana 4 1 0.83 0.09 0.03 0.01 0.01 0.11
Aster azureus 7 1 0.83 0.09 0.03 0.01 0.01 0.11
Coreopsis palmata 6 1 0.83 0.09 0.03 0.01 0.01 0.11
Euphorbia corollata 3 1 0.83 0.09 0.03 0.01 0.01 0.11
Juncus dudleyi 4 1 0.83 0.09 0.03 0.01 0.01 0.11
Brickellia eupatorioides 6 1 0.83 0.09 0.01 0.00 0.00 0.10
Chenopodium album * 1 0.83 0.09 0.01 0.00 0.00 0.10
Lonicera cf. tatarica * 1 0.83 0.09 0.01 0.00 0.00 0.10
Melilotus officinalis * 1 0.83 0.09 0.01 0.00 0.00 0.10
Oenothera rhombipetala 5 1 0.83 0.09 0.01 0.00 0.00 0.10
Prunus sertina 1 1 0.83 0.09 0.01 0.00 0.00 0.10
Ratibida pinnata 4 1 0.83 0.09 0.01 0.00 0.00 0.10
100 60.875 100 200
* Non-native species (treated as "0" in FQI calculations)
Appendix 3. Species composition of Isabel's Knob.
Isabel's Knob Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occur. % Freq. 120 plots Cover Cover Rel Freq +
120 plots (m-sq) Rel Cover
Schizachyrium scoparium 5 120 100.00 9.75 79.21 23.76 49.98 59.72
Antennaria neglecta 4 82 68.33 6.66 9.13 2.74 5.76 12.42
Viola fimbriatula/sagittata 6 107 89.17 8.69 5.47 1.64 3.45 12.14
Panicum villosissimum 5 87 72.50 7.07 7.07 2.12 4.46 11.53
Lespedeza capitata 4 96 80.00 7.80 5.85 1.75 3.69 11.49
Panicum oligosanthes var.
scriberianum 3 68 56.67 5.52 6.05 1.81 3.81 9.34
Euthamia gymnospermoides 5 63 52.50 5.12 6.05 1.82 3.82 8.94
Carex bicknellii 8 44 36.67 3.57 6.85 2.06 4.32 7.90
Carex brevior 4 44 36.67 3.57 6.02 1.81 3.80 7.37
Solidago nemoralis 3 52 43.33 4.22 2.82 0.85 1.78 6.00
Sisyrinchium campestre 6 60 50.00 4.87 1.32 0.40 0.83 5.70
Asclepias verticillata 1 59 49.17 4.79 0.93 0.28 0.59 5.38
Poa pratensis/compressa * 41 34.17 3.33 1.18 0.35 0.74 4.07
Solidago missouriensis 4 24 20.00 1.95 2.78 0.84 1.76 3.71
Polygala polygama 7 40 33.33 3.25 0.56 0.17 0.35 3.60
Baptisia lactea 6 14 11.67 1.14 3.53 1.06 2.23 3.37
Carex pennsylvanica 5 19 15.83 1.54 2.73 0.82 1.72 3.26
Agrostis alba 0 22 18.33 1.79 0.79 0.24 0.50 2.28
Antennaria plantaginifolia 4 9 7.50 0.73 1.31 0.39 0.83 1.56
Rumex acetosella * 16 13.33 1.30 0.29 0.09 0.18 1.48
Carex muhlenbergii 5 10 8.33 0.81 1.02 0.31 0.64 1.45
Achillea millefolium * 13 10.83 1.06 0.20 0.06 0.13 1.18
Sorghastrum nutans 4 6 5.00 0.49 1.01 0.30 0.64 1.13
Helianthus occidentalis 7 3 2.50 0.24 1.35 0.41 0.85 1.10
Equisetum cf. variegatum 8 11 9.17 0.89 0.27 0.08 0.17 1.06
Penstemon pallidus 6 11 9.17 0.89 0.13 0.04 0.08 0.98
Desmodium illinoensis 5 7 5.83 0.57 0.54 0.16 0.34 0.91
Aster ericoides 4 4 3.33 0.32 0.80 0.24 0.50 0.83
Monardafistulosa 4 7 5.83 0.57 0.23 0.07 0.15 0.72
Verbena stricta 2 7 5.83 0.57 0.23 0.07 0.15 0.72
Cirsium pumilum 7 6 5.00 0.49 0.35 0.11 0.22 0.71
Hieracium longipilum 6 7 5.83 0.57 0.19 0.06 0.12 0.69
Anemone cylindrica 8 6 5.00 0.49 0.21 0.06 0.13 0.62
Lechea pulchella 7 4 3.33 0.32 0.28 0.08 0.18 0.50
Physalis cf. virginiana ? 5 4.17 0.41 0.08 0.03 0.05 0.46
Ratibida pinnata 4 5 4.17 0.41 0.06 0.02 0.04 0.45
Euphorbia corollata 3 4 3.33 0.32 0.18 0.05 0.11 0.44
Rosa carolina 4 3 2.50 0.24 0.28 0.08 0.17 0.42
Cyperisfiliculmis 5 4 3.33 0.32 0.08 0.02 0.05 0.37
Oxalis dillenii/stricta 0 4 3.33 0.32 0.02 0.01 0.01 0.34
Pycnanthemum virgianum 5 3 2.50 0.24 0.08 0.02 " 0.05 0.29
Polygala verticillata 5 3 2.50 0.24 0.03 0.01 0.02 0.26
Bromus inermis * 2 1.67 0.16 0.05 0.02 0.03 0.19
Juncustenuis 0 2 1.67 0.16 0.03 0.01 0.02 0.18
Lysimachia lanceolata 6 2 1.67 0.16 0.03 0.01 0.02 0.18
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Appendix 3. Species composition of Isabel's Knob.
Isabel's Knob Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occur. % Freq. 120 plots Cover Cover Rel Freq +
120 plots (m-sq) Rel Cover
Prunus sertina 1 2 1.67 0.16 0.03 0.01 0.02 0.18
Linum sulcatum 8 2 1.67 0.16 0.01 0.00 0.01 0.17
Polygala incarnata 10 2 1.67 0.16 0.01 0.00 0.01 0.17
Andropogon gerardii 5 1 0.83 0.08 0.13 0.04 0.08 0.16
Baptisia leucophaea 9 1 0.83 0.08 0.13 0.04 0.08 0.16
Parthenium integrifolium 8 1 0.83 0.08 0.13 0.04 0.08 0.16
Prunus americana 3 1 0.83 0.08 0.13 0.04 0.08 0.16
Sporobolus cryptandrus 4 1 0.83 0.08 0.13 0.04 0.08 0.16
Erigeron annuus 1 1 0.83 0.08 0.03 0.01 0.02 0.10
Erigeron strigosus 2 1 0.83 0.08 0.03 0.01 0.02 0.10
Helianthemum bicknellii 7 1 0.83 0.08 0.03 0.01 0.02 0.10
Potentilla simplex 3 1 0.83 0.08 0.03 0.01 0.02 0.10
Sphenopholis obtusata 5 1 0.83 0.08 0.03 0.01 0.02 0.10
Tradescantia ohiensis 3 1 0.83 0.08 0.03 0.01 0.02 0.10
Aristida purpurascens 5 1 0.83 0.08 0.00 0.00 0.00 0.08
Aster pilosus 0 1 0.83 0.08 0.00 0.00 0.00 0.08
Hypericum punctatum 3 1 0.83 0.08 0.00 0.00 0.00 0.08
Oenothera rhombipetala 5 1 0.83 0.08 0.00 0.00 0.00 0.08
Potentilla arguta 10 1 0.83 0.08 0.00 0.00 0.00 0.08
Solanum carolinense 0 1 0.83 0.08 0.00 0.00 0.00 0.08
Trifolium repens * 1 0.83 0.08 0.00 0.00 0.00 0.08
Viola pedatifida 9 1 0.83 0.08 0.00 0.00 0.00 0.08
100.00 47.55 100.00 200.00
Appendix 4. Composition of the Main Unit Planting.
Main Unit Planting Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occur. % Freq. 120 plots Cover Cover Rel Freq +
120 plots (m-sq) Rel Cover
Schizachyrium scoparium 5 108 90.00 9.85 53.73 16.12 33.90 43.75
Solidago rigida 4 87 72.50 7.93 22.79 6.84 14.38 22.31
Sorghastrum nutans 4 51 42.50 4.65 16.04 4.81 10.12 14.77
Ratibida pinnata 4 90 75.00 8.20 9.80 2.94 6.18 14.39
Andropogon gerardii 5 38 31.67 3.46 10.47 3.14 6.60 10.07
Helianthus rigidus 6 51 42.50 4.65 7.33 2.20 4.62 9.27
Echinacea pallida 7 66 55.00 6.02 4.71 1.41 2.97 8.99
Potentilla arguta 10 43 35.83 3.92 3.98 1.20 2.51 6.43
Monardafistulosa 4 42 35.00 3.83 1.44 0.43 0.91 4.74
Senecio pauperculus 3 42 35.00 3.83 1.42 0.43 0.90 4.73
Anemone cylindrica 8 35 29.17 3.19 1.91 0.57 1.20 4.39
Fragaria virginiana 2 33 27.50 3.01 1.74 0.52 1.10 4.11
Asclepias verticillata 1 41 34.17 3.74 0.17 0.05 0.11 3.85
Achillea millefolium * 33 27.50 3.01 1.02 0.31 0.64 3.65
Agrostis hyemalis 2 28 23.33 2.55 1.08 0.32 0.68 3.23
Elymus canadensis 4 24 20.00 2.19 1.47 0.44 0.93 3.11
Lespedeza capitata 4 27 22.50 2.46 0.93 0.28 0.58 3.04
Penstemon digitalis 4 22 18.33 2.01 1.40 0.42 0.88 2.89
Trifolium repens * 16 13.33 1.46 1.84 0.55 1.16 2.62
Aster pilosus 0 25 20.83 2.28 0.52 0.16 0.33 2.60
Solidago nemoralis 3 19 15.83 1.73 1.16 0.35 0.73 2.47
Medicago lupulina * 13 10.83 1.19 1.85 0.56 1.17 2.35
Bromus inermis * 19 15.83 1.73 0.85 0.26 0.54 2.27
Dalea purpurea 8 8 6.67 0.73 1.93 0.58 1.21 1.94
Dalea candida 9 8 6.67 0.73 1.33 0.40 0.84 1.57
Euthamia gymnospermoides 5 13 10.83 1.19 0.58 0.18 0.37 1.55
Solidago canadensis 1 10 8.33 0.91 0.72 0.22 0.45 1.36
Trifolium pratense * 6 5.00 0.55 0.64 0.19 0.40 0.95
Taraxicum officinale * 8 6.67 0.73 0.05 0.02 0.03 0.76
Lactuca serriola * 7 5.83 0.64 0.19 0.06 0.12 0.76
Daucus carota * 7 5.83 0.64 0.11 0.03 0.07 0.71
Trifolium hybridum * 2 1.67 0.18 0.83 0.25 0.53 0.71
Poa pratensis/compressa * 5 4.17 0.46 0.33 0.10 0.21 0.66
Coreopsis palmata 6 4 3.33 0.36 0.47 0.14 0.29 0.66
Rudbeckia hirta 2 6 5.00 0.55 0.13 0.04 0.08 0.63
Rumex acetosella * 6 5.00 0.55 0.09 0.03 0.06 0.60
Melilotus alba * 2 1.67 0.18 0.65 0.19 0.41 0.59
Helianthus occidentalis 7 4 3.33 0.36 0.30 0.09 0.19 0.55
Rudbeckia subtomentosa 5 4 3.33 0.36 0.28 0.08 0.18 0.54
Agrostis alba 0 4 3.33 0.36 0.18 0.05 0.11 0.48
Rubus flagellaris 2 2 1.67 0.18 0.44 0.13 0.28 0.46
Pycnanthemum tenuifolium 4 2 1.67 0.18 0.34 0.10 0.21 0.40
Coreopsis tripteris 4 4 3.33 0.36 0.04 0.01 0.02 0.39
Verbena stricta 2 4 3.33 0.36 0.04 0.01 0.02 0.39
Lepidium densiflorum * 4 3.33 0.36 0.02 0.01 0.01 0.38
Stipa spartea 6 2 1.67 0.18 0.25 0.08 0.16 0.34
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Appendix 4. Composition of the Main Unit Planting.
Main Unit Planting Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occur. % Freq. 120 plots Cover Cover Rel Freq +
120 plots (m-sq) Rel Cover
Zizia aurea 6 3 2.50 0.27 0.03 0.01 0.02 0.29
Panicum virgatum 4 1 0.83 0.09 0.31 0.09 0.20 0.29
Aster ericoides 4 2 1.67 0.18 0.15 0.05 0.09 0.28
Erigeron annuus 1 2 1.67 0.18 0.05 0.02 0.03 0.21
Parthenium integrifolium 8 2 1.67 0.18 0.05 0.02 0.03 0.21
Antennaria plantaginifolia 4 1 0.83 0.09 0.13 0.04 0.08 0.17
Asclepias syriaca 0 1 0.83 0.09 0.03 0.01 0.02 0.11
Aster laevis 8 1 0.83 0.09 0.03 0.01 0.02 0.11
Aster novae-angliae 4 1 0.83 0.09 0.03 0.01 0.02 0.11
Cacalia atriplicifolia 5 1 0.83 0.09 0.03 0.01 0.02 0.11
Cirsium discolor 3 1 0.83 0.09 0.03 0.01 0.02 0.11
Lychnis alba * 1 0.83 0.09 0.03 0.01 0.02 0.11
Solidago gigantea 3 1 0.83 0.09 0.03 0.01 0.02 0.11
Solidago speciosa 7 1 0.83 0.09 0.03 0.01 0.02 0.11
Antennaria neglecta 4 1 0.83 0.09 0.00 0.00 0.00 0.09
Hypericum punctatum 3 1 0.83 0.09 0.00 0.00 0.00 0.09
Oxalis stricta/dillenii 0 1 0.83 0.09 0.00 0.00 0.00 0.09
100.00 47.55 100.00 200.00
Appendix 5. Composition of the Potholes Planting Unit.
Potholes Unit Planting Total # Freq. Relative % Cover/ Total Relative IV 200
S CC Occur. % Freq. 120 plots Cover Cover Rel Freq +
120 plots (m-sq) Rel Cover
Andropogon gerardii 5 113 94.17 14.97 73.504 22.051 59.664 74.631
Sorghastrum nutans 4 113 94.17 14.97 27.338 8.201 22.190 37.157
Taraxicum officinale * 68 56.67 9.01 2.771 0.831 2.249 11.256
Lepidium densiflorum * 54 45.00 7.15 0.950 0.285 0.771 7.923
Asclepias verticillata 1 41 34.17 5.43 1.475 0.443 1.197 6.628
Oxalis stricta/dillenii 0 33 27.50 4.37 0.392 0.118 0.318 4.689
Ambrosia psilostachya 2 30 25.00 3.97 0.867 0.260 0.703 4.677
Penstemon digitalis 4 27 22.50 3.58 1.279 0.384 1.038 4.614
Poa pratensis/compressa * 20 16.67 2.65 2.367 0.710 1.921 4.570
Senecio pauperculus 3 25 20.83 3.31 0.775 0.233 0.629 3.940
Solidago nemoralis 3 19 15.83 2.52 1.292 0.388 1.048 3.565
Ratibida pinnata 4 19 15.83 2.52 1.263 0.379 1.025 3.541
Achillea millefolium * 18 15.00 2.38 1.254 0.376 1.018 3.402
Lactuca serriola * 16 13.33 2.12 0.317 0.095 0.257 2.376
Solidago canadensis 1 12 10.00 1.59 0.925 0.278 0.751 2.340
Echinacea pallida 7 11 9.17 1.46 0.958 0.288 0.778 2.235
Dalea candida 9 6 5.00 0.79 1.529 0.459 1.241 2.036
Oenothera rhombipetala 5 10 8.33 1.32 0.150 0.045 0.122 1.446
Antennaria neglecta 4 10 8.33 1.32 0.100 0.030 0.081 1.406
Trifolium repens * 8 6.67 1.06 0.283 0.085 0.230 1.290
Chenopodium album * 9 7.50 1.19 0.075 0.023 0.061 1.253
Bromus inermis * 7 5.83 0.93 0.158 0.048 0.129 1.056
Barbarea vulgaris * 7 5.83 0.93 0.058 0.018 0.047 0.975
Solidago rigida 4 5 4.17 0.66 0.208 0.063 0.169 0.831
Solidago gigantea 3 4 3.33 0.53 0.371 0.111 0.301 0.831
Lychnis alba * 4 3.33 0.53 0.300 0.090 0.244 0.773
Asclepias syriaca 0 5 4.17 0.66 0.108 0.033 0.088 0.750
Hedeoma hispida 2 5 4.17 0.66 0.075 0.023 0.061 0.723
Scutellaria leonardii 5 5 4.17 0.66 0.042 0.013 0.034 0.696
Aster cf. puniceus 7 4 3.33 0.53 0.183 0.055 0.149 0.679
Cirsium discolor 3 4 3.33 0.53 0.167 0.050 0.135 0.665
Hieracium longipilum 6 41 3.33 0.53 0.033 0.010 0.027 0.557
Helianthus grosseserratus 2 3 2.50 0.40 0.175 0.053 0.142 0.539
Agrostis hyemalis 2 3 2.50 0.40 0.142 0.043 0.115 0.512
Schizachyrium scoparium 5 2 1.67 0.26 0.250 0.075 0.203 0.468
Euthamia gymnospermoides 5 3 2.50 0.40 0.075 0.023 0.061 0.458
Rumex acetosella * 3 2.50 0.40 0.075 0.023 0.061 0.458
Physalis cf. virginiana ? 3 2.50 0.40 0.058 0.018 0.047 0.445
Verbena stricta 2 i 3 2.50 0.40 0.025 0.008 0.020 0.418
Zizia aurea 6 1 0.83 0.13 0.313 0.094 0.254 0.386
Elymus canadensis 4 2 1.67 0.26 0.050 0.015 0.041 0.305
Aster pilosus 0 2 1.67 0.26 0.033 0.010 0.027 0.292
Abutilon theophrasti * 2 1.67 0.26 0.017 0.005 0.014 0.278
Cyperisfiliculmis 5 1 0.83 0.13 0.125 0.038 0.101 0.234
Desmodium illinoensis 5 1 0.83 0.13 0.125 0.038 0.101 0.234
Dalea purpurea 8 1 0.83 0.13 0.025 0.008 0.020 0.153
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Appendix 5. Composition of the Potholes Planting Unit.
Potholes Unit Planting Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occur. % Freq. 120 plots Cover Cover Rel Freq +
120 plots (m-sq) Rel Cover
Potentilla arguta 10 1 0.83 0.13 0.025 0.008 0.020 0.153
Rubus occidentalis 2 1 0.83 0.13 0.025 0.008 0.020 0.153
Rudbeckia hirta 2 1 0.83 0.13 0.025 0.008 0.020 0.153
Tragopogon dubius * 1 0.83 0.13 0.025 0.008 0.020 0.153
Cirsium arvense * 1 0.83 0.13 0.008 0.003 0.007 0.139
Conyza canadensis 0 1 0.83 0.13 0.008 0.003 0.007 0.139
Erigeron annuus 1 1 0.83 0.13 0.008 0.003 0.007 0.139
Rosaceae seedling ? 1 0.83 0.13 0.008 0.003 0.007 0.139
Verbascum thapsus * 1 0.83 0.13 0.008 0.003 0.007 0.139
100.00 _36.959 100.000 200.000
Appendix 6. Composition of the East Heinkle Unit Planting.
E. Heinkle Unit Planting Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occur. % Freq. 120 plots Cover Cover Rel Freq +
120 plots (m-sq) Rel Cover
Schizachyrium scoparium 5 111 92.50 8.46 57.18 17.15 34.00 42.46
Solidago canadensis 1 65 54.17 4.95 20.82 6.25 12.38 17.34
Setaria viridis * 92 76.67 7.01 12.75 3.83 7.58 14.59
Ambrosia artemisiifolia 0 94 78.33 7.16 11.55 3.47 6.87 14.04
Achillea millefolium * 79 65.83 6.02 11.02 3.31 6.55 12.57
Oxalis dillenii/stricta 0 108 90.00 8.23 2.90 0.87 1.72 9.95
Cirsium discolor 3 78 65.00 5.95 4.54 1.36 2.70 8.64
Taraxicum officinale * 68 56.67 5.18 3.18 0.95 1.89 7.07
Aster pilosus 0 45 37.50 3.43 2.10 0.63 1.25 4.68
Polygonum pensylvanicum 1 41 34.17 3.13 1.01 0.30 0.60 3.72
Rumex acetosella * 17 14.17 1.30 3.86 1.16 2.30 3.59
Erigeron annuus 1 30 25.00 2.29 1.87 0.56 1.11 3.40
Rubus allegheniensis 2 20 16.67 1.52 3.14 0.94 1.87 3.39
Agrostis hyemalis 2 20 16.67 1.52 2.83 0.85 1.68 3.20
Trifolium pratense * 26 21.67 1.98 1.62 0.49 0.96 2.95
Solidago gigantea 3 19 15.83 1.45 2.40 0.72 1.43 2.88
Poa pratensis/compressa * 15 12.50 1.14 2.63 0.79 1.56 2.70
Agrostis alba 0 29 24.17 2.21 0.79 0.24 0.47 2.68
Solidago nemoralis 3 23 19.17 1.75 1.44 0.43 0.86 2.61
Sorghastrum nutans 4 12 10.00 0.91 1.96 0.59 1.17 2.08
Lepidium densiflorum * 21 17.50 1.60 0.15 0.05 0.09 1.69
Daucus carota * 15 12.50 1.14 0.59 0.18 0.35 1.50
Chenapodium album * 17 14.17 1.30 0.22 0.07 0.13 1.42
Asclepias syriaca 0 13 10.83 0.99 0.72 0.22 0.43 1.42
Rumex crispus * 10 8.33 0.76 1.03 0.31 0.61 1.37
Euthamia gymnospermoides 5 8 6.67 0.61 1.28 0.39 0.76 1.37
Cirsium arvense * 11 9.17 0.84 0.84 0.25 0.50 1.34
Elymus canadensis 4 9 7.50 0.69 1.01 0.30 0.60 1.29
Abutilon theophrasti * 16 13.33 1.22 0.11 0.03 0.06 1.28
Rudbeckia hirta 2 11 9.17 0.84 0.57 0.17 0.34 1.18
Bromus inermis * 10 8.33 0.76 0.65 0.20 0.39 1.15
Senecio pauperculus 3 10 8.33 0.76 0.62 0.19 0.37 1.13
Lychnis alba * 10 8.33 0.76 0.55 0.17 0.33 1.09
Monardafistulosa 4 6 5.00 0.46 0.99 0.30 0.59 1.05
Lactuca serriola * 9 7.50 0.69 0.60 0.18 0.36 1.05
Trifolium repens * 11 9.17 0.84 0.15 0.05 0.09 0.93
Calystegia sepium 1 6 5.00 0.46 0.74 0.22 0.44 0.90
Solidago rigida 4 5 4.17 0.38 0.82 0.25 0.49 0.87
Ambrosia trifida 0 7 5.83 0.53 0.48 0.14 0.28 0.82
Rosaceae seedling ? 10 8.33 0.76 0.06 0.02 0.04 0.80
Ratibida pinnata 4 4 3.33 0.30 0.70 0.21 0.41 0.72
Rubus pensylvanicus 2 4 3.33 0.30 0.69 0.21 0.41 0.71
Asclepias verticillata 1 7 5.83 0.53 0.19 0.06 0.11 0.65
Prunus sertina 1 5 4.17 0.38 0.41 0.12 0.25 0.63
Hieracium longipilum 6 7 5.83 0.53 0.05 0.02 0.03 0.56
Polygonum hydropiperoides 4 4 3.33 0.30 0.37 0.11 0.22 0.52
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Appendix 6. Composition of the East Heinkle Unit Planting.
E. Heinkle Unit Planting Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occur. % Freq. 120 plots Cover Cover Rel Freq 4
120 plots (m-sq) Rel Cover
Andropogon gerardii 5 3 2.50 0.23 0.46 0.14 0.28 0.50
Lonicera cf. tatarica * 1 0.83 0.08 0.71 0.21 0.42 0.50
Plantago rugellii 0 6 5.00 0.46 0.07 0.02 0.04 0.50
Potentilla arguta 10 6 5.00 0.46 0.07 0.02 0.04 0.50
Oenothera rhombipetala 5 5 4.17 0.38 0.18 0.06 0.11 0.49
Rubus occidentalis 2 3 2.50 0.23 0.38 0.11 0.22 0.45
Plantago lanceolata * 4 3.33 0.30 0.20 0.06 0.12 0.42
Verbena stricta 2 5 4.17 0.38 0.04 0.01 0.02 0.41
Conyza canadensis 0 5 4.17 0.38 0.02 0.01 0.01 0.39
Apocynum sibiricum 2 2 1.67 0.15 0.34 0.10 0.20 0.35
Rubus flagellaris 2 2 1.67 0.15 0.34 0.10 0.20 0.35
Veronica peregrina 0 4 3.33 0.30 0.02 0.01 0.01 0.31
Echinacea pallida 7 3 2.50 0.23 0.08 0.02 0.04 0.27
Carex brevior 4 1 0.83 0.08 0.31 0.09 0.19 0.26
Geum canadense 2 2 1.67 0.15 0.15 0.05 0.09 0.24
Bromus cf. commutatus * 2 1.67 0.15 0.05 0.02 0.03 0.18
Lespedeza capitata 4 2 1.67 0.15 0.05 0.02 0.03 0.18
Physalis cf. virginiana ? 2 1.67 0.15 0.01 0.00 0.00 0.16
Brassicaceae rosette ? _2 1.67 0.15 0.01 0.00 0.00 0.16
Aster azureus 7 1 0.83 0.08 0.13 0.04 0.07 0.15
Sporobolus aspera 3 1 0.83 0.08 0.13 0.04 0.07 0.15
Acalypha rhomboidea 0 1 0.83 0.08 0.03 0.01 0.01 0.09
Aster cf. puniceus 7 1 0.83 0.08 0.03 0.01 0.01 0.09
Barbarea vulgaris * 1 0.83 0.08 0.03 0.01 0.01 0.09
Fragaria virginiana 2 1 0.83 0.08 0.03 0.01 0.01 0.09
Juncus tenuis 0 1 0.83 0.08 0.03 0.01 0.01 0.09
Prunus americana 3 1 0.83 0.08 0.03 0.01 0.01 0.09
Quercus velutina 5 1 0.83 0.08 0.03 0.01 0.01 0.09
Rosa multiflora * 1 0.83 0.08 0.03 0.01 0.01 0.09
Smilax hispida 3 1 0.83 0.08 0.03 0.01 0.01 0.09
Solanum carolinense 0 1 0.83 0.08 0.03 0.01 0.01 0.09
Solidago missouriensis 4 1 0.83 0.08 0.03 0.01 0.01 0.09
Mollugo verticillata * 1 0.83 0.08 0.00 0.00 0.00 0.08
_____________ _ 100.00 ___50.45 100.00 200.00
Appendix 7. Composition of the Hotchkiss Unit Planting.
Hotchkiss Unit Planting Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occur. % Freq. 120 plots Cover Cover Rel Freq +
120 plots (m-sq) Rel Cover
Schizachyrium scoparium 5 68 56.67 5.39 29.47 8.84 16.10 21.49
Taraxicum officinale * 97 80.83 7.69 19.99 6.00 10.92 18.62
Bromus inermis * 85 70.83 6.74 21.59 6.48 11.80 18.54
Medicago sativa * 60 50.00 4.76 22.59 6.78 12.34 17.10
Ambrosia artemisiifolia 0 74 61.67 5.87 9.83 2.95 5.37 11.24
Senecio pauperculus 3 50 41.67 3.97 8.70 2.61 4.75 8.72
Chenopodium album * 73 60.83 5.79 3.99 1.20 2.18 7.97
Oxalis dillenii/stricta 0 78 65.00 6.19 1.73 0.52 0.95 7.13
Aster pilosus 0 50 41.67 3.97 5.65 1.70 3.09 7.05
Asclepias syriaca 0 46 38.33 3.65 5.99 1.80 3.27 6.92
Daucus carota * 45 37.50 3.57 5.44 1.63 2.97 6.54
Calystegia sepium 1 51 42.50 4.04 4.52 1.36 2.47 6.51
Trifolium pratense * 28 23.33 2.22 6.00 1.80 3.28 5.50
Physalis cf. virginiana ? 33 27.50 2.62 3.78 1.13 2.06 4.68
Conyza canadensis 0 52 43.33 4.12 1.00 0.30 0.54 4.67
Rudbeckia hirta 2 46 38.33 3.65 1.38 0.41 0.75 4.40
Lepidium densiflorum * 44 36.67 3.49 0.31 0.09 0.17 3.66
Solidago canadensis 1 16 13.33 1.27 3.91 1.17 2.14 3.41
Rumex crispus * 21 17.50 1.67 2.18 0.65 1.19 2.86
Setaria viridis * 19 15.83 1.51 2.35 0.70 1.28 2.79
Rumex acetosella * 18 15.00 1.43 2.40 0.72 1.31 2.74
Solanum carolinense 0 21 17.50 1.67 1.91 0.57 1.05 2.71
Rubus allegheniensis 2 8 6.67 0.63 3.13 0.94 1.71 2.34
Coreopsis lanceolata 5 8 6.67 0.63 2.63 0.79 1.44 2.07
Cirsium arvense * 16 13.33 1.27 1.30 0.39 0.71 1.98
Polygonum persicaria * 16 13.33 1.27 0.45 0.14 0.25 1.52
Medicago lupulina * 7 5.83 0.56 0.96 0.29 0.52 1.08
Asclepias verticillata 1 9 7.50 0.71 0.38 0.12 0.21 0.92
Sorghastrum nutans 4 4 3.33 0.32 1.08 0.33 0.59 0.91
Verbascum thapsus * 10 8.33 0.79 0.06 0.02 0.03 0.83
Rubus occidentalis 2 4 3.33 0.32 0.88 0.26 0.48 0.80
Cirsium vulgare * 5 4.17 0.40 0.71 0.21 0.39 0.79
Echinacea purpurea 6 5 4.17 0.40 0.69 0.21 0.38 0.77
Lactuca serriola * 6 5.00 0.48 0.54 0.16 0.29 0.77
Poa pratensis/compressa * 4 3.33 0.32 0.78 0.23 0.42 0.74
Achillea millefolium * 4 3.33 0.32 0.59 0.18 0.32 0.64
Tradescantia ohiensis 3 5 4.17 0.40 0.41 0.12 0.23 0.62
Agropyron repens * 4 3.33 0.32 0.40 0.12 0.22 0.54
Erigeron strigosus 2 5 4.17 0.40 0.23 0.07 0.12 0.52
Abutilon theophrasti * 6 5.00 0.48 0.03 0.01 0.01 0.49
Anemone virginiana 4 4 3.33 0.32 0.30 0.09 0.16 0.48
Cirsium discolor 3 4 3.33 0.32 0.20 0.06 0.11 0.43
Rosaceae seedling ? 5 4.17 0.40 0.04 0.01 0.02 0.42
Lespedeza capitata 4 4 3.33 0.32 0.08 0.02 0.04 0.36
Dalea purpurea 8 3 2.50 0.24 0.18 0.05 0.10 0.33
Desmodium canadense 5 3 2.50 0.24 0.18 0.05 0.10 0.33
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Appendix 7. Composition of the Hotchkiss Unit Planting.
Hotchkiss Unit Planting Total # Freq. Relative % Cover/ Total Relative IV 200
CC Occur. % Freq. 120 plots Cover Cover Rel Freq +
120 plots (m-sq) Rel Cover
Veronica peregrina 0 4 3.33 0.32 0.02 0.01 0.01 0.33
Trifolium repens * 3 2.50 0.24 0.08 0.02 0.04 0.28
Coreopsis palmata 6 1 0.83 0.08 0.31 0.09 0.17 0.25
Aster laevis 8 2 1.67 0.16 0.15 0.05 0.08 0.24
Bromus cf. commutatus * 2 1.67 0.16 0.15 0.05 0.08 0.24
Monarda fistulosa 4 2 1.67 0.16 0.15 0.05 0.08 0.24
Solidago nemoralis 3 2 1.67 0.16 0.15 0.05 0.08 0.24
Aster novae-angliae 4 2 1.67 0.16 0.13 0.04 0.07 0.23
Rudbeckia subtomentosa 5 2 1.67 0.16 0.13 0.04 0.07 0.23
Morus alba * 2 1.67 0.16 0.05 0.02 0.03 0.19
Fragaria virginiana 2 2 1.67 0.16 0.03 0.01 0.02 0.17
Allium cernuum 7 1 0.83 0.08 0.13 0.04 0.07 0.15
Anemone cylindrica 8 1 0.83 0.08 0.13 0.04 0.07 0.15
Oenothera rhombipetala 5 1 0.83 0.08 0.13 0.04 0.07 0.15
Panicum oligosanthes v.
scriberianum 3 1 0.83 0.08 0.13 0.04 0.07 0.15
Solidago rigida 4 1 0.83 0.08 0.13 0.04 0.07 0.15
Cannabis sativa * 1 0.83 0.08 0.03 0.01 0.01 0.09
Eragrostis spectabilis 3 1 0.83 0.08 0.03 0.01 0.01 0.09
Festuca cf. pratensis * 1 0.83 0.08 0.03 0.01 0.01 0.09
Leucanthemum vulgare * 1 0.83 0.08 0.03 0.01 0.01 0.09
Polygala sanguinea 5 1 0.83 0.08 0.03 0.01 0.01 0.09
Potentilla arguta 10 1 0.83 0.08 0.03 0.01 0.01 0.09
Capsella bursa-pastoris * 1 0.83 0.08 0.00 0.00 0.00 0.08
Cerastium arvense 4 1 0.83 0.08 0.00 0.00 0.00 0.08
100.00 54.90 100.00 200.00
